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Schematics. PCB Layouts. FPGAs. 
OrCAD has what it takes to get the 
job done. Fast. 

OrCAD delivers the complete solution 
for all board, PLD and FPGA designs. Over 
the years more than 90,000 engineers have 
used OrCAD’s design tools, making them 
the world’s most popular EDA software. 
Today, OrCAD’s enhanced 386+ software 
quickly handles your most complex 
designs, and gives you the fastest graphics 
of any PCB design tool. What’s more, you 
can now design with OrCAD in a DOS 
session under Microsoft Windows. All this, 
plus a one-year product warranty, makes 
OrCAD the best value in PCB design 
solutions. From Start to Finish. 


Speed your boards from Concept to 
Production. 

Start with the enormous capacity of 
OrCAD’s SDT 386+ schematic capture 
tool. Couple it with our powerful PCB 
386+ layout solution to reduce your 
design cycle time. PCB 386+ gives you 
superior functionality, with over 1,000 
footprints, automatic footprint generation, 
and on-line all object editing. And PCB 
386+ boasts an embedded, 100% 
completion autorouter that tops all other 
PC-based solutions. OrCAD delivers all 
this, plus, you'll finish your design with 
complete manufacturing output. 


Target virtually any FPGA device with 
OrCAD’s new PLD 386+. 

Capture your design in OrCAD schematics, 
OrCAD Hardware 
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CONFERENS™ 


Tools and ideas for derity. excellence 


Start with OrCAD, 
Finish with OrCAD. 
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( Top) Combine SDT 
386+ and PLD 386+ to 
design your boards 
and the programmable 
logic devices that 
populate them. 
( Left) Design 
) verification is fast and 
me @8S VY GOT} ROS Y Sze Y Bas BAS YO 1ay Bas x Gas Y Gili easy with VST 386+. 
ae aoe Zz 84 Os eee) = And, it’s supported by 
Bo. - nn PRAIX OOO X BOL YX OOS \ ZZZ} BOS X BOS ee Xilinx, Actel, and other 
major FPGA vendors. 
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Description Language, or both. The multi-level synthesis capability of 
OrCAD’s PLD 386+ 2.00 rapidly compiles your largest FPGA designs. And it 
delivers greatly expanded device support, including: Actel, Intel Flexlogic, 
Xilinx 2000, Xilinx 3000, Xilinx 4000, Xilinx EPLDs, AMD MACH, AMD 
MACHXL, Lattice PLSI, Texas Instruments, and many others. Finish your job 
with speed and accuracy using VST 3864. to verify the timing of your placed 
and routed design. 


See how you can do your whole job faster and easier. 
Call for a free demo disk and try our complete solution — 
Start to Finish. For your copy or for product information 
and pricing, call OrCAD DIRECT at (800) 671-9505. 


9300 SW Nimbus Ave. ¢ Beaverton, OR 97005 © (503) 671-9500 © (503) 671-9501 - Fax 
96, rue St. Charles ¢ 75015 Paris, France © 33-1-45 75 50 00 © 33-1-45 77 82 89 - Fax 


OrCAD is a registered trademark of OrCAD, Inc. Other brand and product names are trademarks of their respective owners. 
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Powered 
Up. 


High Power, 

High Internal Dissipation 
If your application requires output currents 
to 30A off power supplies +15V to +75V, 
take a look at the PAO3. The PAO3 can handle up 
to 500W of internal power dissipation and features 
built-in SOA protection and external shutdown 
control. 












SHUT DOWN 
0/10V 









High Power, High Voltage DESIRED 


POSITION 
Through the extensive use of MOSFETs, the 
PA04 combines 20A of output current, a wide 
supply range of +15V to +100V, 200W of internal 
power dissipation, and a fast 50V/us slew rate. A 
power bandwidth of 90kHz rounds out the PA04’s 


impressive specs. 






DIGITAL TO 
ANALOG 
CONVERTER 







DEVICE 
UNDER 
TEST 








High Power, High Speed 

If it’s speed you need, the PAO5 provides 30A of 
output current at a 100V/ps slew rate. The PAO5 
achieves this exceptional speed on supplies 
from +15V to +50V and is capable of 
250W of internal power dissipation. Its | -775¥"™s 1n 
flexibility includes external shutdown control, op- 
tional boost voltage inputs and thermally limited 
output stages. 


820 







Po = 250Wrms in to 4 
DC to 200kHz 

THD < .02% 10HzZ—20kHz 
Short Circuit Proof 





-60V -50V 


High Power, Low Cost Prone ey Pin ep 


Priced $44.70 in 1000 pieces, the PA12 gives.you 
versatility and value for motor/valve/actuator con- 
trols, magnetic deflection, power transducers and 
audio. Capable of 10A output current with current 
foldover protection, the PA12 works off +10V to 
+45V supplies and is capable of 125W of internal 


power dissipation. 


Ventl C ) 


Get Powered Up With Free Data Book 
and Application Notes 


_ Information on all 32 of Apex’s high power amplifi- 
ers is provided in the new 6th edition Apex DC/DC 
Converters, Power and HV Amplifiers data book. 
Call today for your free copy. 1-800-862-1021. 


- = <° | 1 For Applications 
“ra stl lf ot ee Assistance Call Toll 
Htec Free 1-800-862-1021 











PAOQ3 30A 30V-150V avi 500W $301. 00 
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Introducing LITE FOOT. 








Everything you like about 
LITTLE FOOT power 


MOSFETs, only smaller. 
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yom LITE FOOT 1.0mm 
LITE LITTLE LITE LITTLE 
FOOT FOOT FOOT. FOOT =| 


6.4mm 6.0mm 44mm 3.8mm : 

















® SURFACE-MOUNT COMPATIBILITY | 





® LOW ON-RESISTANCE | LITE FOOT 


¢ SMALL FOOTPRINT 3.0mm 


® MINIMAL HEIGHT LITTLE FOOT 


4.8mm 











LITE FOOT” is about half the 
size of LITTLE FOOT, but 
delivers the same big benefits 
for space-sensitive and/or 
battery-operated applications. 


Siliconix, the pioneer in 8-lead 
SOIC power MOSFETs, has 
redefined the performance of 
ultra-miniature, surface-mount 
power. The result is a new family 
of n-channel and p-channel devices 
that delivers on-resistance as low 


as 50 mQ. Further, LITE FOOT 
features TSSOP surface-mount 
compatibility, and offers gate 
drive voltages as low as 2.7 V 
and currents as high as 4.2 A. 


In short, LITE FOOT is the smallest 
discrete power MOSFET in the 
world. It occupies only 6.4 x 3.0 — 
millimeters of board space. 

And at a remarkable 1.1 mm 
high, it’s the first power 





MOSFET thin enough 
to fit into any standard 
PCMCIA card. Even 
double-sided circuit 
boards are a snap. 


What’s more, LITE FOOT’s 
mini package maximizes 
power dissipation, too — 
* On-Resistance shown at Veg = 10 V, over 1.5 W ina tiny 
except Si6433DQ shown at Ves = 4.5 V 8-lead TSSOP. But best of all, you 
don’t need an external heat sink 
other than the PC board itself. 





2201 Laurelwood Road, Santa Clara, CA 95054 Fax: 408-970-3995 


So if your designs keep shrinking, 
but your power management 
needs keep getting bigger, 

LITE FOOT is the solution. 


Contact your local TEMIC sales office, 


or Call 1-800-554-5565, ext. 531 
for a LITE FOOT design guide. 


Siliconix 


A Member of fied EM I C Group 


Members of the TEMIC Semiconductor Division: Telefunken Semiconductors, Siliconix, Matra MHS, Dialog Semiconductor 
TEMIC International Sales: UNIITED KINGDOM: 0344-485757. GERMANY: 0130 857 320. FRANCE: 1 30 60 70 00. ITALY: 02-332 121. 


SCANDINAVIA: 08-733 0090. SINGAPORE: 65-788 6668, ext. 249. HONG KONG: 852-3789 789. JAPAN: 3-5562 3321. 


LITTLE FOOT is a registered trademark and LITE FOOT is a trademark of Siliconix. ©1994 Siliconix. All rights reserved. 
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VNA Amplifiers +17.5dBm, 05t025GHz «29°... 


Very New Amplifiers...at a very affordable DC 
orice, from Mini-Circuits! Yes, VNA-25 RF amplifiers are very °1 
small, yet incredibly powerful (+17.5dBm typ. output at 1dB 
compression). The SOIC-8 pin surface mount units operate 
directly from a +3V to +5V single DC supply with 18dB typ. 
gain and cover the popular 0.50-2.50GHz wireless band. 
These units are very easy to use because all capacitors are 
internal and RF/DC connections are separate, eliminating the 
need for both external coupling capacitors and an RF choke. You can buy these very 
new amplifiers for the low price of just $2.95 ea., qty. 1000. Development qty.10, only 
$4,.95ea.! So, call Mini-Circuits today for immediate off-the-shelf availability and 
guaranteed 1 week shipment. 


Mini-Circuits...we’re redefining what VALUE is all about! 





Freq.(GHz) 528 1.81.07 1,052.0 20-2. 


Gain (dB) typ. 14.0 17.0 18.0 16.0 
Max. Output (dBm) 

@1dB Comp. typ. +18.0 +18.5 +417. +17.0 
| P Ord Order 

(dBm) typ. +27 +27 +27 +27 

VSWR Output typ. 1.5:1 1.7:1 eran 45:51 

VSWR Input typ. 6.4:1  2.8:1 2.0:1 1.4:1 


DC Power.: +5.0V for specified performance. 
Current,(mA): 85typ., 105 max. 

Thermal Resistance. Junction-to-case: 125° C/W 
Price ($) ea. : 2.95 (qty. 1000), 4.95 (qty. 10). 


eAll specs at 25°C (case temp. 35°). 

eAvailable in Tape and Reel. 

eMTTE at 150°C max. junction temp. : 3x10 “hrs.typ. 
“Case” is defined as mounting surface of leads. 


| ee ee a ® 
Mini-Circuits’ 


P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 


For detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM « MINI-CIRCUITS’ 740- pg. HANDBOOK. 


CUSTOM PRODUCT NEED-S...Let Our Experience Work For You. 


F 180 Rev Orig 


AUGUST 22, 1994 VOL. 42, NO. 17 











HIGH-SPEED MODEMS: THEY’RE NOT JUST FOR DATA ANYMORE... 47 


Innovative modem technologies pump data, fax, and voice-mail at blazing 
speeds. Just how do they get those 114 kbits on that 3-kHz line? 


MEMORY-CHIP STACKS SEND DENSITY SKYWARD... 69 


Vertical integration of silicon allows packaging of extremely dense system 
memory in tiny volumes. 


BUILD A POWERFUL HOST-DSP INTERFACE... 177 
Dual-port memory combines the ease and cost of FIFOs with the datapath 
capability of custom hardware. 


DEBUGGING SYSTEMS: GETTING THE PIECES TO WORK TOGETHER . . . 87 


Fixing errors in embedded systems calls for teamwork—and tools. 


DEBUGGING: ENTERPRISE INSTRUMENTATION... 93 
Locating real-time bugs in embedded systems is especially tricky while 
integrating hardware and software. 


DEBUGGING FOR REALTIME: HARD CHOICES... 101 
Because every tool has an effect on the system, knowing your tools is the best 
defense. 


INTEGRATED CONTROLLER SUITS LASER PRINTERS... 153 
IC includes DRAM/ROM control, DMA, parallel port, interrupt controller, 
counter-timer, configurable I/O bus, and programmable I/O lines. 
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This configuration 
measures just 5.4” 
by 13.02” by 7.2”. 
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memory and DDE. 


Dedicate processors 
to real-time control. 





Real Multiprocessing with the STAR SYSTEM 


Partition real-time control tasks and your graphical 

user interface (GUI) onto separate processors in the 
STD 32 STARSYSTEM. The STARSYSTEM programs 
like a PC, runs industry standard software, and lets 

you share peripherals and data among processors. 

The STAR SYSTEM combines the functions of many 
computers in one small, cost-effective “network in a box.” 





The Embedded Computer“ READER SERVICE 140 


Real-Time Response and 
Your Favorite GUI in... 


Up to seven processors 
communicate through common 


Free Multiprocessing 





Share hard disks 
and video to reduce 
cost and space. 









Run your favorite GUI on a : 
high-speed 486 processor 
with local bus video, 


Application Guide 


Call or Fax for a copy 
of Ziatech's New 
Multiprocessing 


= WET iat 


Application Guide. _ ae h- 


Phone: 805°541°0488 
FAX: 805°541°5088 
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© Copyright 1994 Ziatech Corporation. STD 32 is a registered trademark and 


STD 32 STAR SYSTEM is a trademark of Ziatech Corporation. Product names 
of other companies may be trademarks of those companies. 
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e PCS standards, cellular-PCS 
bridge unveiled 

e FPD inspection tools improve 
display quality 

e Soon to arrive: FPD cluster tools 

e NIST improves optical power- 
meter calibration 

e Standard links increase Future- 
bus+ performance 

e Virtual reality testbed takes wing 
e Tool research targets quasi-optical 
systems 


e Chemical sensor boasts super 
sensitivity 


TECHNOLOGY ADVANCES ... 35 

e Powerful “soft” computing tech- 
nologies emerge from the fusion of 
neural networks and fuzzy logic 

e Production system facilitates bare- 
die test and burn-in 

e Optical element combined with 
LCD technology enables 3D display 
capability 

e Multibanked architecture provides 
fast, flexible, and redundant 
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1992 Certificate of Merit 
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e First details on innovative power- 
management chip for PCMCIA 
applications 


e Comprehensive report on cell- 
based discrete power transistors 


e Tips on designing battery-backup 
and watchdog circuits 


e GaAs challenge renewed for high- 
speed communications applications 


e Technologies catapult PCMCIA 
hard-drives to new capacity heights 


e PLUS: 

Pease Porridge 
Ideas for Design 
QuickLook 


Correction: The sidebar on pg. 641n 
the June 13 issue inadvertently re- 
ferred to the new TIA standard for 
TDMA digital cellular transmis- 
sions as IS-94. Instead, it should be 
IS-54. 


Permission is granted to users registered with 
the Copyright Clearance Center Inc. (CCC) to pho- 
tocopy any article, with the exception of those for 
which separate OEVOEN: ownership is indicated 
on the first page of the article, provided that a base 
fee of $2 per copy of the article plus $1.00 per page 
is paid directly to the CCC, 222 Rosewood Drive, 
Danvers, MA 01923 (Code No. 0013-4872/94 $1.00 
+ .50). (Can. GST #R126431964). Canada Post In- 
ternational Publications Mail (Canadian Distribu- 
tion Sales Agreement Number 344117). Copying 
done for other than personal or internal reference 
use without the express permission of Penton Pub- 
lishing, Inc. is prohibited. Requests for special per- 
mie or bulk orders should be addressed to the 
editor. 
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Analog-Digital Converter For Data Handling Systems, Computers 

This component simplifies and speeds up analog-digital conversion by elimi- 
nating ambiguity and intermediate analog steps in the conversion process. The 
signal travels from shaft position to code disks and then to either a relay system 
or a diode scanning network followed by a single 
flip-flop. Time sharing of control circuits is possi- 
ble for multi-channel systems, using isolation di- 
odes in series with each pick-off brush, allowing 
the control circuit to be used for scanning many 
converters. Ambiguity is eliminated by using two 
pick-off brushes for each track of the code disk 
except the first, or least significant. Standard code 
disks are made for binary operation, but Gray, 
decimal, or other systems may be ordered. Pre- 
sent models include 7, 13, 17, and 19 digit units, all 
2” in diameter and varying from 2-49/64” to 4- 
13/16” in length. Conversion from digital code to 
analog shaft rotation may be made with a slight 
increase in circuitry. 

Input torque is under 0.2 oz-in. Current carry- 
ing capacity is 2ma per pick-off brush. Digit out- 
put frequency may vary from 500cy to 1Mc or higher. The unit operates 
independent of voltage, temperature, and frequency limitations over a wide 
range. Life expectancy is 5,000,000 or more cyclings of input shaft at speeds 
1-2rps. Weight is 80z. Librascope, Inc., 1607 Flower St., Glendale, Calif. (Llec- 
tronic Design, August 1954, p. 58.) 

These types of rotary ADCs once were widely used at the heart of many 
data-acquisition systems. They still are used today in robotic systems and the 
like to convert angular position to digital code. The Gray-code format men- 
tioned in the item is often used because it has the property of changing only one 
bit for each successive integer, thus avoiding ambiguous states as the device 
switches from one integer to another—SS 





AEC Patents For Industry 

Patents owned by the Atomic Energy Commission have been made available 
for licensing. Licenses will be granted to applicants on a non-exclusive, royalty- 
free basis. Applicants should apply to the Chief, Patent Bank, Office of the 
General Counsel, U.S. Atomic Energy Commission, Washington 25, D.C., iden- 
tifying the subject matter by patent number and title. 

Electronic Scaling Circuits (Patent No. 2,676,756); M. Q. Gulley, inventor. 
The patent relates to an improvement for modifying the counter factor of a 
sealing circuit. The invention is capable of the modification of any suitable 
conventional scaling circuit to make it count in multiples of 10 or other conven- 
ient multiples.(Electronic Design, August 1954, p. 75.) 

This is one of several AEC patents listed in the issue. Many vmprovements in 
high-speed counting equipment came out of the atomic-energy programs.—SS 


Atomic-electronic guard 

Radioactive leather wristbands worn by a power-press operator prevent 
accidents by activating an electronically operated machine lock driven by a 
Geiger tube whenever he places his hands near a cutting edge. Nicknamed 
“Bikini Bracelets,” the wristbands are not dangerous to the wearer. For com- 
plete safety, the Geiger tubes (mounted on the press) are sensitive enough to 
detect when the operator has removed the band, preventing the press from 
operating. This protective system, already widely used, is made by Hazatrol 
Corp., San Francisco, Calif.(Electronic Design, August 1954, p. 11.) 

Radioactive bracelets that “are not dangerous to the wearer”? This item 
seems tough to believe from the perspective of today’s OSHA-sensitive working 
environments.—SS 
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ew Instrumentation Amp 
in an Op Amp Package 








Simple Solution 


INA118 is your best choice—you get a true three op amp 
instrumentation amplifier in a standard op amp package. It gives 
you outstanding precision at low power and low price. INA118 
is perfect for portable instruments, thermocouple amplification, 
medical instrumentation, and data acquisition designs. It’s 
simply your best choice at the best price! 


Power Miser 


INA118 is a power miser! It operates with power supplies from 
+1.35V to +18V—single-supply down to 2.7V. Quiescent current is 
only 350uA—t's ideal for battery operated systems and other low 
power applications. And, internal input protection withstands up to 
+40V without damage. 


Money Saver 


INA118 delivers the highest accuracy and outperforms the 
competition for a lower price. At $3.25 (in 1000s), it’s a better 
solution than any other “make” or “buy” amp out there. You get 
the best for less. 


ye 


INA118 key specifications 


wow clisel VOE0G 265 ke ER SOuV max 
© Low offset voltage (rift... ssesessesees 0.5uV/°C max 
@FW ie DAN GWwidhh ..ciicccah. ticles sestisesssesdtelends. 70kHz at G=100 
© [OW QUPSCON- CULPA aches cs cscsasesvescavssencraqivisnnesseeveteousns S50UA 
Me OWET SUDDY ooo ik scsateccts al dencassveicnnaveonsapactes +1.35V to +18V 
©@ HIGN COMMON-MOdE FejOCtiON.........ccccececeseesesteceteeeen 110daB 
@ Input overvoltage ProtectiOn ........ccccccceseeeeteseeseee +40V 
Ee OL! SS rr EDS 8-pin plastic DIP, SO-8, dice 
e From $3.25 in 1000s 


Get One FREE! 


Get your FREE sample, data sheet, 
and /nstrumentation Amplifiers guide 
by calling 1-800-548-6132. 
Or, contact your local sales 
representative for more 
information. 
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West Coast Executive Editor: 


aS ae ae Dave Bursky (San Jose) 
28 Western Editor: 
(SCANNER / PRINTER / TAPE / ETC...) Cheryl J. Ajluni (San Jose) 
To contact, call or write: 







2025 Gateway Place, Suite 354 
San Jose, CA 95110 
(408) 441-0550 


London: Peter Fletcher. 
To contact, call or write: 


611 Route 46 West 

Hasbrouck Heights, NJ 07604 
(201) 393-6262 or (201) 393-6270 
Fax (201) 393-0204 


= Automatic Switching = Two to One Switching # Single Ended or Differential 
= Automatic Termination = SCSI 1 & 2 Fast Interface 
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115 Constitution Drive, Menlo Park, CA 94025 Tel: 415-322-5322 Fax: 415-322-0459 
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Ask for a copy of our FREE 
SCSI Switch Book! 


For more information 
contact Ancot at: 


Chief Copy Editor: Roger Engelke Jr. 


Contributing Editors: 
Ron Kmetovicz, Robert A. Pease 


Editorial Production Manager: 

Pat A. Boselli 
Production Coordinator: Wayne M. Morris 
Group Art Director: Peter K. Jeziorski 


Associate Art Director: Tony Vitolo 
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Fast-On 


Production Manager: Mike McCabe 
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Hileen Slavinsky 
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Memory Protection was Never Easier. Joyce Borby, Barbara Fitsy 


Now, solder MPD’s horizontal battery standard holder right on your PC Circulation Manager: Susan Brown 
board. Or use tab holder with fast-on or hardwire connect. Standard ironies We ae beens Cheeses 
holder allows for 3/4" PC board stacking. Standard 3-volt Lithium 






cylinder cells for reliable memory back-up systems clip right in. Also Reprints: Anne Adams 

accepts Ni-Cad, Carbon-Zinc and Alkaline horizontal cylinder cells. Penton Reprints 1-800-659-1710 

@ Sturdy, high-temp UL94V-O Valox® material @ Stainless steel nickel Sonne 

plated contacts @ Easy insertion and removal of batteries @ Efficient, Published by Penton Publishing 








holders available on request. L# | BH2/3A 1BHi/2AA |BHAA | BH-C Soe ae 
“Patent 4,495,257 FAST-ON-TAB] BH2/3AT| BH1 /2AA-T Electronic Design Information Group: 


For all the details, call or write today. 
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Editorial Director: Stephen E. Scrupski 


320 Broad Hollow Rd., Farmingdale, NY, USA 11735 « (516) 293-5891 Publisher: John R. Carroll 
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Trade Shows 
Sle ci Portable by Design focuses on OEM 
are ay designers of portable, nomadic, mobile, 
and transportable products. 
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Challenged, 
5 Years on CD-ROM 
bl A complete library on CD. All the articles, 
Arch ived, photos, drawings, schematics, editorials, 


and letters - all on one easy-to-use disk. 
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Over 165,000 readers 
can't be wrong 





“) TeleBase’ 
info service 





2 6 Eq L | ar j 55UCS A great new way to source products. The 
: TeleBase Directory has hundreds of cat- 
7 6 pec ial Su pp lements, egories and is updated monthly. 
1 trade show, ee Oe 


TeleBase” info service, mon Bey 
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5 years on CD-ROM 


ELECTRONIC «= Wiaa 
DEsicN ls 


A PENTON PUBLICATION seven supplements released yearly 


To subscribe or to receive focus extensively on specific topics. Sup- 
additional information plements make great reference sources 
for electronic design professionals. 
call: 201-393-6060 
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4CASE UPDATE: STRIVING FOR PERFECTION.51> 
Will CASE tools deliver on promises to boost softwere quality? 









while squeezing into just 10 by 20 mm. 
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External — Printer Bkha 


X{_Export_{ Setup f Aca J Add JC 
1 J00sf win J Print_{ Goto J Find _f Glossary 


¢Prdinn TESTER TAKES AIM AT MULTICHIP MODULES 


THE SYSTEM COMBINES THE PERFORMANCE OF AN ICTESTER 
WITH THE FUNCTIONALITY OF A BOARD TESTER. 


JOHN NOVELLINO 
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’Electronic Design Magazine, contains five com- 
plac tine that’s 124 past issues of Electronic Design 
Magazine. Presented in 16-color VGA, it’s packed with more 
than 4,000 photos and graphics. All the articles, features, prod- 
uct reviews, product updates (even product demos!), editorials, 
letters are included - everything electronics industry professionals 
expect from Electronic Design. 

All of the information in this CD is made instantly accessible 


through a powerful Hypertext application called Hyperwriter™ 


ELECTRONIC 









Increased popularity in multichip modules (MCMs) is being driven by 
designers who crave the many advantages they offer. But the reduced size 
and higher performance, I/O counts, and packaging density that make 
MCMs so attractive also make them harder to test. MCMs require 4 new. 
comprehensive testing strategy that is, in effect a cross between 
conventional IC testing and board testing. 

Ideally. one piece of test equipment would be able to evaluate single-chip 
ICs and MCMs, performing all needed module tests, including parametric, 
functional, and performance tests. In response to this need. HewlettPackeard 
has introduced the HP 82000 MCM, which is targeted at both prototype 
f evaluation and functional testing of MCMs. The system combines the 

hardware performance of an IC tester with the functionality of a board tester ( 






[ELECTRONIC DESIGN] 


One click of the mouse takes you to 
the articles, the photo’s, the 
schematics, the charts -it’s all there! 
Five complete years of Electronic 
Design Magazine on one CD! 


‘CD-ROM, produced by the Editors of 









Five years of Electronic 


Design complete on one CD 
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© All the articles 
° All the photographs 




















¢ All the schematics 














° All the drawings 
¢ All the editorials 
¢ All the letters 


Hyperwriter™ makes the information on this disk instantly 
accessible through hypertext links. Links made directly through 
each topic (article) to pictures, illustrations, schematics, full glos- 
saries, product demos, and contact names, plus past and subse- 
quent related topics. 

Specific topics are quickly located using the powerful search 
features provided. Using a key-word or key word strings, you get 
a list of all related topics-instantly 

Instant comprehensive information. Thats what this disk is all 
about. 





International phone orders call: 201-393-6060 ® Inside USA: 800-829-9028-9am-5pm est. * To order by fax: 201-393-0204 
To order by mail: Send your order to: Electronic Design Magazine, 611 Route 46 West, Hasbrouck Heights, NJ 07604 


5 Years of Electronic Design 
Magazine on CD-ROM (1 989-93) $295" 


Network 1 & 5 year versions also available - call for details 


1 Year of Electronic Design 
Magazine on CD-ROM (1993) 


$900" 


* Upgrade to the 5 year version within 90 days and pay only $200 









Powerful, hypertext-based commands let 
‘you quickly and efficiently find, re-find, 
link, make notations, leave bookmarks, 
export, print, search, get product demos, 
and even return to your operating system! 
1) External - Life beyond this disk 

ae The Export button 
will export any or all 
of an article based on 
your selection. 


DOS & Win 
DOS brings you to 
the DOS prompt 
screen cand Win takes you into Windows™ 
| without. quitting the application. These 
| buttons make it easy for you to return to 
Electronic Design Magazine, where you left 
off, without re-launching. 


[Printer Commands | 


Setup & Print - This feature allows 
you to print articles, editorials, glos- 
saries, illustrations, and even photos (if 
your printer is capable) directly from this 
| CD. Great source for reference. 


| | becener ci and Notes 
- BkMrk - Bookmarks flag topics for future 


bfecsice | just like using a bookmark in a 


J [8d Naned Tooknark —] real magazine, Mark 
a spot, and the book- 
Name The Bookmark 


mark is stored even if 
as: 















Export Filename 






Filename: 


NGEDONCDN*. TAT 



































you quit. 
GOTO brings you 


ee back to your book- 
marks. De eting them is just as simple. 


Notes - Add and find your own notations. 
Notes stay until you delete them, even after 
you quit. 


looks like the Transputer will be the 
next hot chip. We should get our best 
design team working on a Transputer 

based project as soon as possible.> 
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Learn the backbone of the Electronic Bosien peor aey CD-ROM interface - the BUTTONBAR. 






Gen. Info - Complete reference 
Contacts - Company names, addresses, 
contact names, phone numbers- all of the 
information you need to follow up. 


Glossary - Full article glossaries, pro- 
vided by the Editors of Electronic 
Design magazine. The CD also comes 
with WORD LINK, which allows you 
to click on any word within the article and 
if it’s in the glossary, the definition pops 
up. When youre done, a simple click and 
its gone. 





Navigation Aids - Magellan you're not, 
and you don't need to be! 


All the aids youll need to motor your way 
through this CD in no time flat. 


CLR - Clear Back Links - Because every 
article you move to loads into RAM, this 
function allows you to clear articles you've 
finished. This frees up RAM for you to 
continue. 

TOC - Table of Contents - Takes you 
directly to the Volume Table of Contents 
(the whole year) with special links provided 
to Issue [-O.C. 





Duration 


* + ELECTRONIC DESIGN ON CD=ROM: CONTENTS 

~ 990514: CONTENTS oe 
CLR: Clear Backward Links 

990519 : CONTENTS 

J Sees. : Navigation fiids Functions 
3 Sees. | 930519: CONTENTS 

i? Sees. CLR : Clear Backward Links 

8 Sees. _ ELECTION IC DESIGN: 1989-1993 


REL - Show-Related Articles - Calls up a 
list of, and lets you move to, related topics. 
HST - Show-Related History - Shows 
each topic visited during your current ses- 

sion and how long you were there, and 
then lets you return to previous topics. 
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SEARCH dialog boxes 


Simple search (top), Complex Search (center), 
and Search occurances found (bottom). 



























SRH - Search - Conduct simple, complex 
or proximity indexed searches. 

SDX - Subject Index - A hierarchical list 
of key subject areas compiled by the Editors 
of Electronic Design. The index also allows 


direct access to related topics. 


HELP - Instant on-line help for all 


Written in plain, easy to understand terms 
providing information for novice and pro 
alike. Available in any user screen. 









‘MINIMUM SYST! =M RE IREMENTS © 


: Hes 80386 PC or better 











- pixel resolution 16 colors. 








Now you can offer the perfect card 
for any occasion. 
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For you do-it-yourselfers, we have it all: 
board- and card-half PCMCIA connectors 


(all sizes), card eject mechanisms, frame kits, 


and a wide range of I/O headers and | 
cable assemblies. 
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Pases 


ASKROM — 


PC Cards are hot! And your 
customers want just one thing 
from you: choices, 
choices, and more 
choices. 

Now you can offer 
them just what they're after- 
fully-PCMCIA/ JETDA-compliant 
PC Cards from AMP, with your 
label. You provide the specs or 
design criteria; we provide the big 
selection they want, at a price 
that’s right for you, and for them. 

We supply off-the-rack SRAM, 
Flash, and OTP/Mask ROM mem- 
ory, LOBASE-T and 10BASE2 
LAN adapters, 14,400 and 2400/ 
9600 fax/modems, SCSI adapters, 
and audio cards—with the specific 
options and features you need- 
and follow up with timely, compre- 
hensive custom design services for 
special requirements. We'll add 
even more value with cable 
assemblies, product labelling, 
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Scandinavia: Sweden 46-8-080-833-00 (fax 46-8-580-194-70) 

Central Europe: Holland 31-73-20-0911 (fax 31-73-21-2365); Germany 49-6103-7090 
(fax 49-6103-709223); Great Britain 44-81-954-2356 (fax 44-81-954-6234) 

Southern Europe: France 33-1-34-20-8888 (fax 33-1-34-20-8600): Italy 39-11-401-21111 
(fax 39-11-403-1116); Spain 34-3-200-8466 (fax 34-3-201-7879) 


documentation, 
and packaging —all to your 
specifications. | 

And, backed by the resources 
of AMP, you can count on the 
quality and quantity you need, 
now and in the future. Our 
strength in design, mass produc- 
tion, and global distribution are 
behind you, wherever in the 
world you happen to be. Don’t 
wait for a special occasion; talk 
with your AMP Sales Engineer 
today, or give us a call at the 
number below. 


AMP is a trademark. 
PC CArd is a trademark of PCMCIA. 









CYS45 


Only $75 each 
($25/1000s) 


— our 
tepper Motor 
to-27, 000 
Steps/ second! 
vel 16 
Million Steps 
and back! 


Is your: motor earthbound by sluggish 
controllers that 
can’t give you the 
performance you 
~need? Look at 
ra you ‘get with the new CY545 
single chip stepper motor controller: 


e 40-pin, CMOs, +5v chip 

Speeds up to 27K Steps/sec 

@ 16 Million steps per motion 

e@ Programmable start rate, 
accel/decel, slew rate 

@ Pulse and Direction Output 

e Separate Limit Switches 

e Jog operation 

e Home seek command 

@ ASCII or binary commands 

e Parallel or Serial interface 

e 8 General Purpose I/O lines 

® 

@ 





External memory control 
LCD & LED Display interface 
e Thumbwheel Switch interface 


Break the single chip speed barrier 
and the high performance price bar- 
rier. You can’t afford to pass up this 
latest innovation from the company 
that, ten years ago, brought you the 
first ste per motor controller on a 
single chip! Order b 
Fax or phone or call 
today for free info. 





Cybernetic Micro ieee 


PO Box 3000 e@ San Gregorio CA 94074 
Ph: (415) 726-3000 @ Fax: (415) 726-3003 








EDITORIAL 


STOCK OPTIONS 


hat, you might ask, is an editorial about stock options doing in a 
magazine devoted to delivering information about electronics? 
The answer is that one of the driving forces behind technology 
development in the United States is stock options. Obviously, 
without healthy doses of innovation, the industry would stagnate and we 
journalists would be reduced to mastering Mine Sweeper and other mindless 
games on our PCs. 

The biggest financial carrot that helps small, startup companies entice top- 
notch people from high-paying jobs at large companies is to offer the prospec- 
tive employee a piece of the company. Needless to say, these small companies 
are the cradle of much innovation—not to mention jobs—in our industry. 

A few months ago, a rather obscure government agency, the Financial 
Accounting Standards Board (FASB), proposed change in accounting practices 
that threatened to decimate innovation in any U.S. high-tech industry. FASB’s 
proposal would require companies to calculate values for employee stock 
options—a highly speculative exercise to say the least. These figures then 
would be charged as an expense on the company’s financial statements. 

A survey conducted by ShareData Inc. earlier this year found that of 30 
high-tech companies studied, the average reduction in earnings would be 29%. 
That’s far from an insignificant figure for any company. 

Last June, FASB’s rule change was met with an uncharacteristic response 
from the electronic-engineering community. The response was both unified and 
vociferous in its opposition. Even industry maverick T.J. Rodgers, president of 
Cypress Semiconductor Inc., found himself in the majority on this one. “Our 
earnings would collapse by 33%,” he said at a Silicon Valley anti-FASB rally, 
“and you know what that means on Wall Street where even one bad quarter 
carries a severe penalty.” 

FASB has taken note of the tidal wave of opposition. The Board postponed 
its decision until 1995 and indicated it might settle for a more detailed account- 
ing of stock options. This remedy is widely supported by high-tech companies 
and would effectively address the real problem with stock options, which is 
making them into a golden parachute for executives. 

But some folks, like me, think the bureaucrats might be lying in the grass for 
awhile until the opposition dies down. Let’s keep the pressure on. 








Editor-in-Chief 
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High Power, up to +15dBm Rugged, Plug-in Package from? 13.72 2400 


Both inside and out, the high level of performance you've 
been looking for in a broadband, plug-in amplifier is right here in 
Mini-Circuits value priced MAN series...featuring gain to 28dB, 
reverse gain greater than 40dB and power output as high as 
+15dBm! These unconditionally stable units are built incredibly 
tough to meet full MiL-specs and packaged in miniature 
0.4'x0.8"x0.25” hermetically sealed metal casings. Inside, 


the MAN amplifiers consist of 2 stages including coupling 
capacitors and can withstand operational temperatures from a 
frigid -55°C to a scorching +100°C ! MAN amplifiers are 
available from stock starting at the small price of just $13.95. 
But, don’t just read about this impressive list of features 
...call Mini-Circuits and put the power of MAN amplifiers to 
work for you today! 

Mini-Circuits...we’re redefining what VALUE is all about! 
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Freq. Range Gain Max. Output 

Model f,to fy min. _ flatness* PWR** NF typ. Isol. typ. DC PWR Price $ ea. 
(MHz) (dB) (+/-dB) (dBm) (dB) (dB) (V/mA) (10-24) 
MAN-1 0.5 -500 28 1.4 8.0 4.5 41 12/60 13.95 
MAN-2 0.5-1000 18 1.5 7.0 6.0 37 12/85 15.95 
MAN-1LN 0.5-500 28 1.4 8.0 2.8 42 12/60 15.95 
AMAN-1HLN = 10-500 10 0.8 15.0 3.7 16 12/70 15.95 
MAN-1AD 5-500 16 1.0 6.0 12 50 12/85 24.95 
MAN-2AD 2-1000 9g 0.7 -2.0 6.5 33 15/22 22.50 
MAN-11AD 2-2000 8 1.5 -3.5 65 27 15/22 29.95 


* Midband 10f, to fy/2, +/- 0.5 dB 


LJ 


** At 1dB compression point 


A Case height 0.3 inch 


Mini-Circuits 


P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 





Actual Size 


For detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY ¢ EEM « MINI-CIRCUITS’ 740- pg. HANDBOOK. 
CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. 
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SIEMENS 


Bringing You 


the Big Picture 





We may not be center stage in all 
areas of consumer electronics, but 
we set the scene for technical 
advances in TV, video, satellite and 
in-car entertainment. 


As well as digitalization based on 
our world leading DRAM expertise, 
we offer fully integrated solutions — 
based on ASICs and custom 
ICs-solutions that will put 
you in the limelight. 


Take picture-in-picture, or 
PIP as it’s better known. We 
put filter and computer func- 
tions as well as memory and 
D/A convertors on a single 
slice of silicon. Another star 
performer is our MEGATEXT® 
chip, which has set a new 
world standard for teletext 
with its 700,000 transistors. 
And our digital signal pro- 
cessing for 100 Hz TV is recognized 
as the ideal solution throughout the 
industry. 


Expect highlights in support, too. 
From software to prototype design, 
Our vast expertise is on hand for 
fast and reliable assistance. 


More information by tax 
49-911-3 00 12 38, quoting HL 9118 


Global PartnerChip 
for Systems on Silicon. 
Siemens 
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Rose & REINARTZ A19100-HL9118-X-7600 





shad ek be a: 


ee 


wi 


& a 
EG Ah ae RR 
i i 


ARE Hacac BANE 


reheat ee i Gta sSleiuskansh uses 
Ree ok bh Satine addiel naa Linge dd 


Pagan cine 


5 lalla S Ree 
os Dhuaionseeeineaas E 
etme 
at pe ee ey 


xs 


38 = ae 


aS 


— 
= 


Bose 


| 
| 


er 


| 


cd 


SURAT Ta 


Senet 





LEADERSHIP IN 


THERMISTOR 
py e7, |, [eo] Roles 4 
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MINIATURE 
SENSORS 


+1°C accuracy 


AN 


° Rugged design, epoxy insulated 
body and Teflon insulated leads 


¢ Dissipation constant of 1.4 mW/°C 

¢ Time constant of 15 seconds 

* Operating range from — 50° to 
+150°C 

¢ Temperature accuracy of +1°C @ 
25°C 

e Just over one inch long overall 


Temp. Coef. 
R. @ 25°C %/°C @ 25°C 








Other resistance values available. 
Send for more information. 





stone 


CARBON COMPANY 


Thermistor Division ¢ St. Marys, PA 15857 
Phone 814-781-1591 © Fax 814-781-7648 





Keystone Thermistors are distributed by 


Allied Electronics 1-800-433-5700 

Dexter Corporation 1-800-345-4082 

Digi-Key Corporation 1-800-344-4539 

Newark Electronics 1-800-367-3573 

Summit Distributors 1-800-678-6648 
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TECHNOLOGY BRIEFING 


ASIC Venpors Lookinc For Test HELP 


he increasing amount of ASIC designs for devices exceeding 50,000 
and even 100,000 gates makes the job of creating test programs for 
such circuits a virtual nightmare. ASIC vendors have taken notice, 
however, and are searching for ways to cut the time it takes to develop 
atest, with improved test vectors from the design team being a critical element. 

From their point of view, the vendors promise to turn the design team’s 
efforts into silicon within a specified time. Too often, the vectors supplied by 
the team don’t work. They may not match the specific tester used by the vendor 
or they may be riddled with timing gymnastics that no tester can keep up with. 
If it takes a week or two to find the problems and generate new vectors, which 
it easily can, the vendor is squeezed to meet its promised delivery date. 

The result is an effort by vendors to encourage designers to come up with 
better vectors. “We’re seeing ASIC vendors being much more concerned about 
trying to screen test programs before the vendors ever get the design. In other 
words, on the customer’s time,” says Daniel Skilken, 
senior vice president of worldwide marketing for Sum- 
mit Design Inc. (formerly TSSI), Beaverton, Ore. “It’s a 
matter of, “You give me a clean design and you give me 
a clean set of vectors and I know that I can deliver when 
I said I could.’ ” 

In fact, two ASIC vendors have talked to Summit 
about including the company’s software for screening 
test programs in the vendors’ design kits. Skilken says 
the vendors use the software in-house but want their 
customers to start using it on the test programs before i Pe. 
they’re sent to the foundry. One vendor that solved the JOHN NOVELLINO 
problem is Semicustom Operations in Motorola’s High- TEST & MEASUREMENT 
Performance Microprocessor Div., Chandler, Ariz. The 
unit includes Summit’s TDS software in its design kit to ensure that the test 
vectors created from the customer’s simulation vectors will work. 

Lynn Fischer, a member of the technical staff at Semicustom Operations, 
introduced the practice. He came from a Motorola research lab that received 
test patterns from numerous customers. “We had many problems with the 
patterns,” says Fischer. “They would give us patterns that wouldn’t work and 
we'd have to sit down and more or less let a customer just walk through it.” 

Semicustom Operations wrote software that envelops the Summit toolset 
and runs in the background. Designers enter their simulation and the tools 
check to make sure that the timing is as required. They also do a rules check, 
help designers determine where to put strobe points, and make sure that the 
patterns toggle all of the outputs. The software has been such a success that it 
is being modified so that other groups within the division can use it. 

Another vendor, LSI Logic Corp., Milpitas, Calif., integrates vector and test 
program creation into the company’s design methodology. In that way a proper 
test program is essentially generated as part of the design process. “We explain 
to customers the right approach to generating test vectors so they don’t cause 
holdups,” says Farzad Zarrinfar, product marketing manager for Test Synthe- 
sis Solutions. “We have a really clear set of methodology guidelines for design- 
ers to use to simulate their designs.” 

The company’s first line of defense against bad vectors is a network of design 
centers where ASIC experts review the process of design simulation with 
customers. Then comes an automated toolset that performs rule checking to 
make sure the simulation vectors conform to the design process. By using the 
proper design methodology and CAD tools, Zarrinfar says, designers can 
ensure that their simulation vectors will not cause any problems. 

The bottom line is that foundries expect design teams to supply better test 
vectors, vectors that will not violate the limits of the equipment used to test 
the ICs. Fortunately, they’re willing to help designers accomplish that goal. 
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Productivity. 


ure, graphical programming offers ease of use, but tures keep diagrams manageable. You can modularize, 
the true measure of your success is productivity. test, and reuse each of your software components. And 
For seven years, LabVIEW® has championed pees §=6with the LabVIEW debugging tools, you'll drastically 


graphical programming for instrumentation. And 
for the thousands of real-world applications like 
yours, LabVIEW has delivered flexibility, power, and 
performance to ensure productivity. 


reduce your development time. 





Performance. With the compiled performance of 

= LabVIEW, you won't waste time optimizing your 
LabMiEW program. You'll increase productivity while 
Flexibility. LabVIEW is a complete language, so you won’t lowering system cost and raising system throughput. 
spend time working around limitations. You can easily 


ee oe ee ek 


add custom controls to front panels. You can build dia- LabVIEW is not just a pretty user interface and a bunch 
grams with icons for GPIB, VXI, and RS-232 instruments, of icons. LabVIEW delivers the true productivity of an 
and plug-in data acquisition boards. You can analyze easy-to-use, yet flexible, high-performance graphical 


your data using simple statistics or real-time digital signal programming system. 
processing. And you can even link in compiled C code. 
Call for FREE LabVIEW 


Power. LabVIEW pays big dividends as demo software 
your programs become more sophisti- ¢ ( NATIONAL (800) 433-3488 
cated. Our patented programming struc- INSTRUMENTS: (U.S. and Canada) 


‘The Software is the Instrument ® 





See us at Wescon booth 1631 


6504 Bridge Point Parkway ¢ Austin, TX 78730-5039 ¢ Tel: (512) 794-0100 © 95 (800) 010 0793 (Mexico) ¢ Fax: (512) 794-8411 


Branch Offices: Australia 03 879 9422 « Austria 0662 435986 © Belgium 02 757 00 20 * Canada 519 622 9310 * Denmark 45 76 26 00 ¢ Finland 90 527 2321 ¢ France 1 48 65 33 70 * Germany 089 714 50 93 
Italy 02 48301892 « Japan 03 3788 1921 © Netherlands 01720 45761 * Norway 32 848400 « Spain 91 640 0085 * Sweden 08 730 49 70 ¢ Switzerland 056 27 00 20 * U.K. 0635 523545 


© Copyright 1993 National Instruments Corporation. All rights reserved. Product and company names listed are trademarks or trade names of their respective companies. 
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Power Macintosh is a trademark of Apple Computer, Inc. IBM is a registered trademark and PowerPC, the PowerPC logo, PowerPC 601, PowerPC 603, PowerPC 604, 
PowerPC 620, RISC System/6000 and IBM Microelectronics are trademarks of the International Business Machines Corporation. © 1994 IBM Corp. 








At a certain point, 
everyone understands the benefits 


of RISC over CISC. 


In the debate over which microprocessor tech- 
nology is best for today’s emerging computing 
needs, there’s one point on which everyone 
can agree. 

It’s the one in the middle of the chart to 
your left. And what it illustrates is that, over 
time, microprocessors 
powered by RISC technol- 
ogy will outperform those 
driven by 15-year-old CISC 


architecture. 


Update 
— 
In July, we shipped 
our one millionth 
PowerPC 601 
microprocessor, 
after just ten 
months of 


That’s vital news for every- 
one who makes or uses 
personal computers. Because 
the fact is, it takes the extra- 
ordinary processing power of 
RISC chips like our PowerPC family to drive 


today’s and tomorrow's leading-edge computers 


production. 





and software. Which makes possible such inno- 
vative applications as realtime voice dictation, 
wireless networks, voice and handwriting recog- 
nition, and full-screen, full-motion multimedia, 
to name a few. 

Some of these startling capabilities are 
already at work in advanced PCs and work- 
stations. Two acclaimed examples are [BM’s 
RISC System/ 6000 workstation and Apple’s 
Power Macintosh series, both powered by our 
PowerPC 601. Smaller, faster and less expen- 
sive to produce than non-RISC chips, the 601 
makes it possible for these systems to run faster 
than CISC-based models, yet cost roughly the 


Same. 


PowerPC 
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Of course, all these advantages are hardly 
accidental. The fact is, because RISC (Reduced 
Instruction Set Computing) processors carry 
only the most frequently used instructions, they 
offer streamlined performance levels that CISC 
(Complex Instruction Set Computing) chips 
simply can’t match. Specifically, the simpler 
instructions implemented in RISC processors 
are typically executed in one system clock cycle, 
while CISC instructions often take five or even 
fifty system clock cycles to execute. The result 
is that the average number of system clock cycles 
per instruction in RISC typically eliminates 
advantages touted by CISC manufacturers. 

And the best is yet to come. Since RISC- 
based PowerPC chips are built with IBM 
superscalar technology, we 
can all look forward to even 
greater performance benefits 
down the road. Right this 
minute, in fact, systems 
from palmtops to high-end 
workstations are under 
development utilizing [BM’s 
PowerPC 603, PowerPC 
604" and PowerPC 620. 


To learn how IBM PowerPC microproces- 





sors can work for you, call IBM Microelectronics 
Division at 1-800-PowerPC, ext. 1430 (OEMs), 
ext. 1440 (programmers) and ext. 1450 (end 
users). 

Once you know the facts about PowerPC, 
choosing anything less will seem pointless. 
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CASE UPDATE: STRIVING FOR PERFECTION..51> 
Will CASE tools deliver on promises to boost software quality? 








TESTER TAKES AIM AT MULTICHIP MODULES 













THE SYSTEM COMBINES THE PERFORMANCE OF AN IC TESTER 
WITH THE FUNCTIONALITY OF A BOARD TESTER. 





JOHN NOVELLINO 
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schematics, the charts -zt’s all there! 
Five complete years of Electronic 
Dein Magazine on one CD! 


g CD-ROM, ae by ie Edicois of 
HIS&2™ Design Magazine, contains five com- 
== plete volumes - that’s 124 past issues of Electronic Design _| each topic (article) to pictures, illustrations, schematics, full glos- 
| Magazine. Presented in 16-color VGA, it’s packed with more | saries, product demos, and contact names, plus past and subse- 
than 4,000 photos and graphics. All the articles, features, prod- | quent related topics. 
HH uct reviews, product updates (even product demos!), editorials, Specific topics are quickly located using the powerful search 
| : | letters are included - everything electronics industry professionals | features provided. Using a key-word or key word strings, you get 
Pe expect from Electronic Design. — a list of all related topics-instantly, 
All of the information in this CD is made instantly accessible | Instant comprehensive information. That's what this disk is all 
les a powerful Hypertext cians called De’ soho : 
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Byperieoake the information on this disk instantly 


accessible through hypertext links. Links made directly through 
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ierritioras phone orders call 201 393. 6060 ¢ Inside USA: 800-829- 9028. 9am- ae est ¢ To order byf fax: 201 393. 0204 
To order by mail: Send your order to: Electronic Design Magazine, 611 Route 46 West, Hasbrouck Heights, NJ 07604 


5 Years of Electronic Design 1 Year of Electronic Design S$QE00* 
Magazine on CD-ROM (1989-93) $295 Magazine on CD-ROM (1993) 95 


| Network 145 year versions also available - call for details * Upgrade to the 5 year version within 90 days and pay only $200” 
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Powerful, hypertext-based commands let 
you quickly and efficiently find, re-find, 
link, make notations, leave bookmarks, 
export, print, search, get product demos, 
and even return to your operating system! 


| External - Life beyond this disk 


The Export button 
will export any or all 
of an article based on 
your selection. 


DOS & Win 
DOS brings you to 
the DOS prompt _ 
screen and Win takes you into Windows™ 
without quitting the application. These 
buttons make it easy for you to return to 
Electronic Design Magazine, where you left 
off, without re-launching. 


Setup & Print - This feature allows 
you to print articles, editorials, glos- 
saries, illustrations, and even photos (if 
your printer is capable) directly from this 
CD. Great source for reference. 


Bookmarks and Notes 
BkMrk - Bookmarks flag topics for future 
reference, just like using a bookmark in a 
[Uda Naned Booknark | Teal magazine. Mark 
P| a spot, and the book- 
| mark is stored even if 
a you quit. 

ox | | GOTO brings you 
S44 back to your book- 
see Deleting them is just as simple. 
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ff Name The Bookma ‘ 


Notes - Add and find your own notations. 
Notes stay until you delete them, even after 
you quit. 

Reader’ s Notes Annotation 
looks like the Transputer will be the 
next hot chip. We should get our best 


design team working on a Transputer 
based project as soon as possible.> 


Learn the | bacthene of the Electronic casien Magazine CD-ROM interface - the BUT TTONBAR. 








Gen. Info - Complete reference 
Contacts - Company names, addresses, 

contact names, phone numbers- all of the 

information you need to follow up. 


Glossary - Full article glossaries, pro- 
vided by the Editors of Electronic 
Design magazine. The CD also comes 
with WORD LINK, which allows you 
to click on any word within the article and 
if it’s in the glossary, the definition pops 
up. When youre done, a simple click and 
its gone. 


Navigation Aids - Magellan you're not, 
and you don't need to be! 


All the aids youll need to motor your way 
through this CD in no time flat. 


CLR - Clear Back Links - Because every 
article you move to loads into RAM, this 
function allows you to clear articles you've 
finished. This frees up RAM for you to 
continue. 

TOC - Table of Contents - Takes you 
directly to the Volume Table of Contents 
(the whole year) with special links provided 
to Issue T-O.C. 


oe Name 
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26 Secs. | CLR : Clear Backward Links 
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a Secs : 930513 :CONTENTS 
1? Secs. LR : Clear Backward Links 
_ 2B Secs. | evectronic DESIGN: 1989-1993 





 Durat jon 





- Show-Related Articles - Calls up a 
list es and lets you move to, related topics. 
HST - Show-Related History - Shows 
each topic visited during your current ses- 
sion and how long you were there, and 
then lets you return to previous topics. 


MINIMUM SYSTEN 


. B 386 PC or better 


1 VGA video card adaptor = 64 | 


pixel resolution 16 colors. 


EVENUES 
an mvc Keer NeTWonx 


IMBING 







SEARCH dialog boxes 


Simple search (top), Complex Search (center), 
and Search occurances found (bottom). 


Available operators: &=AND 1-0R “=NOT ~= 


PO ifan rit t 


SRH - Search - Conduct simple, complex 
or proximity indexed searches. 

SDX - Subject Index - A hierarchical list 
of key subject areas compiled by the Editors 
of Electronic Design. The index also allows 
direct access to related topics. 


HELP - instant on-line help for all 


Written in plain, easy to understand terms 
providing information for novice and pro 
alike. Available in any user screen. 
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Power-full 
tiny inverter. 


Or how to shrink a Lhp, 3-phase motor 
control inverter to fit your pocket...book. 





Take six IR surface-mount IGBT 
CoPacks with built-in diodes. Add one 600V 
IR2130J three-phase driver. And you end up with 
a |hp inverter about the size of a credit card. 


This motor control inverter is 3" x 3" sq. and features six SMD-220 


The lower part count, S1Ze and weight surface-mount CoPack UltraFast IGBTs driven by a single 600-volt, 
reductions bring added value to your end product. 3-phase driver (IR2130J) with current-sensing. 
Your customers benefit from the pass-along 
savings. And you gain the competitive edge. 


Thanks to the most compatible line of power 
devices ever. Value-priced to save you money. In 
stock to save you delivery time. Send for our data 
"Shrink Pak." Quicker yet, call. 1-800-245-5549. 


You'll see how small your inverters can get. 


Available now at key IR distributors. 


[eR] International Rectifier 


WORLD HEADQUARTERS: 233 KANSAS ST, EL SEGUNDO, CA 90245, USA 3103223331, FAX 310-322-3332, TELEX 66-4464. EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 9BB, ENGLAND, (0883) 713215, FAX (0883)714234 
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POWER 
SPLITTERS/ 
COMBINERS 


the world's largest selection 
2KHZ to 1OGHZ trom $2 


With over 300 standard models, from 2-way to 48-way, 0°, 90° and 180°, 
50- and 75-ohms, covering 2KHz to 10GHz, Mini-Circuits offers the world’s 
largest selection of off-the-shelf power splitter/combiners. And, with rapid 
turnaround time, we'll also supply “special” needs, such as wider band- 
width, higher isolation, lower insertion loss and phase matched ports. 

Available for use in military and commercial requirements, models 
include plug-in, flat-pack, surface-mount, connectorized standard 
and custom designs. New ultra-miniature surface mount units 
provide excellent solutions in cellular communications, GPS 
receivers, Satcom receivers, wireless communications, and 
cable systems. 

All units come with a one-year guarantee and unprecedented 
“skinny” sigma unit-to-unit and production run-to-production run 
repeatability. All catalog models guaranteed to ship in one week. 
Mini-Circuits...dedicated to exceed our customers’ expectations. 






















me a Ba ae ® 
ini-Gircuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 


For detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM « MINI-CIRCUITS’ 740- pg. HANDBOOF 
CUSTOM PRODUCT NEEDGS...Let Our Experience Work For You. 


F134 Rev D 


F134 Rev D 


Mii, 


/ / “a 


ui 


on 
re 
Loa] 
and! 
= 
> 
oad 
foie] 
io 2 
om 
ie2) 
=n) 
<q 
x] 
on 





TECHNOLOGY NEWSLETTER 


By complying with the IEEE 896.11 standard, systems will be able to employ 
STAND ARD LIN KS IN CREASE low-cost IEEE 1855 standard links to add up to an order of magnitude to the 


FUTUREBUS + Pp ERFORMANCE performance of the Futurebus+ backplane. The standard, called IEEE 1855 
Links on Futurebus+ Backplane Connector, retain all of the Futurebus+ performance and 
interoperability benefits. The standard is aimed at a broad range of applications, including 
ATM, graphics supercomputers, workstations, massively parallel supercomputers, disk ar- 
rays, and mainframes. The standard supplies point-to-point bandwidth for interworking Fu- 
turebus+ card from different originators. Up to 16 links per enhanced slot can be employed, 
all supporting a bidirectional bandwidth between a Futurebus-+ card and the backplane in 
excess of 1 Gbyte/s. The standard will have no effect on the use of current standard Future- 
bus+ interfaces. For more information on the IEEE P896.11 standard or the P1355 Working 
Group, contact Dr. Colin Whitby-Strevens of SGS-Thomson/Inmos Ltd. in the U.K. at +44 454 
611500. He can also be reached at electronic-mail address colinws @ isnet.inmos.co.uk. RN 


Because virtual reality enables users to interact with a simulated environ- 
VIRTUAL REALITY ment as if it were real, among its applications is the ability to practice jobs 
TESTBED TAKES WING that are too dangerous or expensive to carry out for real. To further develop- 
ment of virtual reality (VR), NIST’s Computer Systems Laboratory in Gaithersburg, Md., has 
established an Open Virtual Reality Testbed, which includes prototype VR systems. The 
testbed was set up to encourage development of standard interfaces for interoperability of 
VR components from different vendors. Information and sample demonstrations of testbed 
activities are available online at http://nemo.ncsl.nist.gov/sressler/OVRThome.html. For 
more information, contact Sandy Ressler (301) 975-3549. svr 


Through the help of a Small Business Innovative Research grant, Compact 
TOOL R ESEARCH TARGETS Software, Paterson, N.J., will work to create CAD tools that support the de- 
QUASI-OP TICAL SYSTEMS sign of quasi-optical microwave applications. Compact has teamed up with 
Avoca Labs and Cornell University to develop a planar, high-power, quasi-optical amplifier 
array. The array is based on successful experimentation work done at Cornell through Rayth- 
eon support. The design is based on series of unit-cell monolithic power amplifiers isolated 
from each other in such a way that they can be modeled and evaluated individually with 
relative ease. During Phase I of the grant, Compact will develop software tools to accurately 
simulate the components of the quasi-optical system. Sucha capability doesn’t exist in current 
commercial simulation tools, and is considered to be an obstacle in exploring new ideas in this 
emerging field. During Phase II of the grant, an amplifier array (composed of 20-by-20 cells) 
will be designed and optimized using Compact’s commercially available nonlinear circuit simu- 
lator called Microwave Harmonica. The amplifier array will then be built using advanced 
_ GaAs technology. Compact will also develop simulation tools to enable modeling of grating 
patterns for instances of non-normal incident radiation. For more information, call Compact 
Software’s Todd Westerhoff at (201) 881-1200. Lu 


ATC , A chemical sensor calorimeter recently developed and introduced by the IBM 
CHEMICAL SENSOR BOASTS Research Division’s Zurich Research Laboratory, Zurich, Switzerland, is ca- 
SUP ER SENSITIVITY pable of measuring the heat generated in a chemical reaction with a sensitiv- 
ity to temperature changes as small as one-hundred-thousandth of a degree. Microfabricated 
using IC technology, the calorimeter is inexpensive, making it ideal for a variety of applica- 
tions, including chemical observation, detection, measurement, and analysis. The calorimeter 
centers around the use of an aluminum-coated micromechanical silicon lever. The lever is ap- 
_ proximately 1.5 um in diameter, and 400 um long, allowing for possibly thousands of such 
levers to be integrated on a single chip. As the calorimeter heats, the two materials, silicon and 
aluminum, expand by different amounts causing the lever to bend. The amount of bending di- 
rectly relates to the amount of heat that has been absorbed by the lever. Using a laser to 
measure this amount of bending, bends as small as one hundredth of the diameter of an atom 
can be measured. Using this technique, levers could be coated and sensitized for the detection 
of very specific chemicals. Scientists believe that the calorimeter could be incorporated into a 
portable package with a laptop computer to create an instrument capable of detecting gases 
and pollutants, such as ozone and carbon monoxide. Future research will focus on the use of 
micromechanics and nanotechnology to make the already sensitive calorimeter thousands of 
times even more sensitive. For additional information, contact IBM Research Division at (914) 
784-7466. CA 
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20-Bit Audio A/D System Is 


Better Than One Bit Designs 





Best Front-End in the Audio Business! 


Qur new PCM1760 stereo A/D converter, together with its matched 
DF1760 digital filter, delivers the best analog-to-digital performance 
ever. Besides its precise 20-bit resolution and wide 108dB dynamic 
range, the system also offers very low -92dB THD+N and very clear 
110dB SNR. Channel separation is 98dB typ, 94dB min. Whatever 
youre working on—digital audio recording and mixing equipment, 
DAT, or digital radio broadcasting—it’'ll sound and perform better 
with our PCM/DF1760 front-end digitizing IC system. 


Multi-bit Enhanced Noise Shaping 


PCM/DF1760 A/D and filter system is the first to feature our new, 
exclusive multi-bit enhanced noise-shaping circuitry. This approach 
achieves much wider dynamic range and lower noise than 1-bit 
designs while avoiding loop oscillation, jitter sensitivity, and 
process speed problems common with “older” architectures. It’s 
better than 1-bit designs for all your audio applications. 






€ International Subsidiary Offices: Austria (43) 1 602 63 71, France (33) 1 395 43558, Germany (49) 711 77040, Italy (39) 2 580 10504, 








PCM/DF1760 Key Specifications 
e 30HZ-50kHz Sampling rate =e 256fs or 384fs System clock 


e —92dB THD+N e Offset error calibration 
e 110dB SNR e Overflow detection 
e 64X Oversampling e Power down options 


¢ 100dB Stop band attenuation © Compact 28-pin DIP or SOIC 
e (.001dB Pass band ripple 


Hear For Yourself 


Ask for our comprehensive data sheet explaining our new multi-bit 
enhanced noise shaping technology. It also contains complete 
specifications and applications tips. And, there's also a 

Drewired evaluation board available, just 
FAX 1-602-741-3895 to get your next 
digital audio designs off to the best 

Start ever! For more information, 

contact your local sales rep. 





CIRCLE 146 FOR U.S. RESPONSE 


CIRCLE 147 FOR RESPONSE OUTSIDE THE U.S. 
BURR - BROWN® 


Japan (81) 33 586 8141, Netherlands (31) 3465 50204, Switzerland (41) 1 7240928, United Kingdom (44) 923 233837. 








PROGRESS AE 


Dedicated to the proposition that one good idea leads to another. 


Thirty years ago, the closest an 
automobile might get to any kind 
of computing power was the 
exotic new electronic calculator 
in the dealership sales office. 
That was about as close as 
automobiles got to Sharp, too: 
we invented the first all-transistor 
diode calculator in 1964, and 
incorporated ICs into calculators 
just two years later. These were 
milestones that marked Sharp’s 
ARM gt ARM? 


RM 
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PERFORMANCE/POWER 200 
CONSUMPTION 


The ARM core is the most power 
efficient 32-bit RISC processor on 
the market today. It’s also the 
world’s smallest 32-bit RISC and, 
at less than $1/MIP for the ARM7, 
the most cost-effective. 
early inroads into the semi- 
conductor, LCD and information 
communication technologies 
which, soon, no automobile 
will be without. 

Today, Sharp is at the wheel 


of the advances in processing 


power, memory and display 














ORI 


devices that bring the ultimate 
vehicle within sight: the autopilot, 
infobahn-ready automobile of the 


21st Century. 


THE FUTURE IS WITHIN 
ARM’S REACH. 


For example, tomorrow’s global 
positioning, auto-routing, auto- 


steer, voice recognition and 


collision-avoidance subsystems 


_ will owe a large 
debt to 
Sharp’s 









new 32-bit 
RISC 


processors 
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now being 
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200 
the ARM® partnership. Low-cost, 


high-performance, fully supported 
microprocessors like the LH74610 
and ARM7 Core are making 
32-bit performance practical in 
consumer products — from games 
and electronic books to interactive 
video and voice recognition. 

Our System on a Chip 
Design Center in Camas, WA, 
can help you roll out your product 
ideas quickly, using not only 


ARM technologies, but a wide 


variety of 4- to 32-bit micro- 
controllers and microprocessors. 
With our standard cell solutions 
and experienced design team, we 
keep your costs low and your 
options high. 


MEMORY: YOU CAN 
THINK BIG BECAUSE WE’RE 
THINKING SMALL. 


By mating ARM and other 
microprocessors with an 
array of leading Sharp 
memory devices, you 
can achieve unduplicated 
efficiencies in data access, density 
and device throughput. 

Recently, Sharp became 
the first manufacturer to offer 8 
and 16 Mb page-mode MROMs 
with 50 ns access times. That’s 


performance comparable to the 


From the basic calculator tc 









speed of EPROMs, but at half the 
price. And, to meet customers’ 


memory-hungry but space-conscious 


design criteria, Sharp will also be 


the first to offer 64 Mb MROMs as 





Sharp's newest 8 Mb and 16 Mb MROM 
achieve their 50 ns access speeds by 
using a page-mode function that reads 
a page of information at once. Sharp 
offers an industry-leading 6 - 8 week 
turnaround time. 


well as 32 Mb MROMs in both 


5-volt and 3-volt configurations. 





;2-bit computing: Sharp keeps Y ahead. 


DISPLAYS: TFT IS SHARP’S tion and in-flight entertainment GET ARMED 
MOST VISIBLE ADVANTAGE. WITH 32 BITS FOR $249. 
centers. ISO-9000 certified flat 
Sharp is perhaps still best known panel facilities are already up and —_—Right now, we'll send you the our lineup of 4- to 32-bit micro- 
as the leader in active matrix running right here in the U.S.A. essentials of ARM development — _ processors and microcontrollers. 


and other flat panel displays. software application manuals, 








From personal digital assistants data sheets, applications notes, 


‘0 the world’s largest flat ARM software and Design Center 


panel full-motion monitors, information — for just $249, We'll 


sharp TFT displays are even include an ARM baseball 


relping lead the evolution cap, because we figure you'll 


coward compact, portable displays soon be going to bat for ARM. 


High contrast, wide 
viewing angle, up to 80 ms 
and low power consumption. response rates and 16.2 million 1-800-642-0261, Ext. 904. And 
colors: nothing outshines Sharp TFT complete ARM 
for high-quality displays in thin, software kit, including 

iudio-visual displays range from lightweight profiles. Microcomputer Brochure covering manuals, ARM software 
and more, for just $249. 


of superb resolution, viewability Simply call us toll-free at 


Get this 
Sharp’s family of analog TFT be sure to ask for our free Sharp 
3-inch to 10.4-inch screen sizes 
hat are creating new realms of 


roducts ranging from handheld 


elevisions to automotive naviga- FROM SHARP MINDS READER SERVICE 127 
COME SHARP PRODUCTS" 


FOR MORE INFORMATION CALL SHARP AT 1-800-642-0261 EXT. 904 


Copyright © 1994 Sharp Electronics Corporation. SEC-0594 


Finally, a power supply 
that’s easy on your budget. 


And your circuits. 


Low noise, like that in the 20V output 
above, means this supply won’t be a 
source of unexpected errors. 


This supply makes it easy 
to stay within budget, with- 
out making compromises. 


Want to avoid compromises? 
Get the HP E3630A, and enjoy 
low noise, tight regulation, 

and quick transient response — 
performance found in no other 
low-cost supply. And with over- 
voltage, overcurrent and short- 
circuit protection, you won't 
worry about circuit damage. 


This supply combines our years 
of experience in high-perfor- 
mance power supply design 
with the latest techniques in 
efficient manufacturing. Close 


After a load change (50% to 100%, for 
example), fast transient response guar- 
antees a quick return to the set voltage. 





attention to quality makes 
it easy to offer a three-year 
warranty, too. 


Separate meters display voltage 
and current, so you can monitor 
each output at a glance and 
focus on your circuits and test 
procedures instead of playing 
with your power supply. 


With this family, it’s easy to 
find a perfect match. 


The HP E3630A is part of 

the HP E3600-series, all of 
which offer excellent price 
value without cutting corners. 
A variety of output ranges 
and capabilities means 


Tight 0.01 % regulation means stable 
output when the load or line varies. 


© 1994 Hewlett-Packard Co. TMPM0426/SF-33 


you'll find one that fits your 
specific application. 


Get clean, reliable power on your 
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POWERFUL “SOFT” COMPUTING TECHNOLOGIES EMERGE 
FROM THE FUSION OF NEURAL NETWORKS AND FUZZY LOGIC 


n technology and sci- 

ence, the most exciting 

advances often come at 
the interfaces—the border- 
lines where two or more dis- 
ciplines meet, greet, and 
cross over the neighboring 
fences. A fusion between 
two emerging technologies, 
neural networks and fuzzy 
logic, is creating a new hy- 
brid technology area of 
“soft” computing that has 
significant potential for the 
future, according to leading 
neural-network researcher 
Dr. A.J. Maren, senior sci- 
entist at the Accurate 
Automation Co., Chat- 
tanooga, Tenn. 

Maren notes that in the 
past two years, signs of this 
fusion have been quite clear. 
Both the World Congress 
on Neural Networks 
(WCNN), held in San Di- 
ego, Calif., this past June, 
and the IEEE Interna- 
tional Conference on Neu- 
ral Networks (ICNN), held 
in Orlando, Fla., also this 
past June, have had major 
sessions devoted to the neu- 
ral-fuzzy linkage. 

Books on these matters 
have gone through quite a 
transformation. It was only 
several years ago that lit- 
erature on neural networks 
or fuzzy logic began to pro- 
liferate. Now, there’s a sig- 
nificant body of literature 
that addresses both areas 
and the synergies that 
evolve by combining them 
(see “For further reading,” 
right). Among researchers, 
the most interesting appli- 
cations seem to involve hy- 
brid neural-fuzzy technolo- 
gies. These have been ap- 
plied to the tasks of pattern 
recognition, fault detection, 
image progressing, and 
control. 

Two papers, each pre- 
sented at the WCNN, illus- 


trate how both fuzzy logic 
and neural networks can be 
applied to the same area— 
image processing/under- 
standing—in very different 
ways. However, both ap- 
proaches exploit one of the 
key differences between 
neural-network and fuzzy- 
logic methods: Neural net- 
works excel at processing 
low-level, “signal” data, and 
fuzzy logic gives clues for 
using high-level, “sym- 
bolic” information. 

In the WCNN Proceed- 
ings, W.T. Woo describes 
how a combined neural and 
fuzzy system was used to 
perform the two jobs of 
edge detection and image 
enhancement. A _ neural 
front-end was used to en- 
hance a noisy image and 
find rough edges, while a 
“fuzzy associative memory” 
was employed to refine the 
edges and construct smooth 
edge boundaries. The ad- 
vantage of his approach is 
improved computational 
cost when compared with 
certain adaptive filters, 
which perform better than 
either simple high-pass or 
low-pass filters on image 


ELECTRONI C 


processing. 

In the same Proceedings, 
A.D. Kulkarni and others 
describe a “neural-net- 
work-based fuzzy-logic de- 
cision system,” which they 
apply to multi-spectral-im- 
age classification. Fuzzy 
and neural capabilities are 
combined more intimately 
than was done in the pre- 
ceding work. 

Their system uses a neu- 
ral-network-type architec- 
ture consisting of six “neu- 
ral” layers. The processing 
is feedforward: the informa- 
tion in one layer feeds di- 
rectly into the next, and so 
on. The network’s first 
three layers are for “fuzzifi- 
cation”; the input values are 
mapped to membership 
functions that are used for 
fuzzy decision making. The 
last three layers implement 
fuzzy inference rules. They 
found that by incorporating 
fuzzy rules, they could sub- 
stantially reduce the train- 
ing time needed to teach the 
neural network. 

Neural networks and 
fuzzy logic share similari- 
ties, but also have signifi- 
cant differences. Both areas 
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have been around for a 
while. Neural networks has 
had a longer incubation 
phase (first work was done 
in the 1940s, and much sig- 
nificant work was done by 
many researchers in the 
1970s), while fuzzy logic be- 
gan with ground-breaking 
work by Lotfi Zadeh in 
1965. 

Both emerged as strong 
technologies in the late 
1980s, when the limitations 
of traditional artificial-in- 
telligence (AI) methods 
were becoming painfully 
apparent. They exemplify 
what can be called “numeri- 
cal model-free estimators,” 
and are dynamic systems. 
And each is a significant 
constituent of what has 
come to be called “soft com- 
puting’, a set of computa- 
tional methods that tolerate 
imprecision, uncertainty, 
and partial truth. 

Neural networks consist 
of a set of individual simple 
processing elements, or “ar- 
tificial neurons.” Each neu- 
ron typically receives in- 
puts (usually from other 
neurons), combines these 
inputs, applies a nonlinear 








transfer function, and 
passes the result on to other 
neurons. The connections 
between neurons are called 
“connection weights,” and 
much of the effort in devel- 
oping a good neural net- 
work goes into “training” 
these weights to take on 
useful values. 

Training is done by pre- 
senting the neural network 
with samples of inputs, ob- 
serving the difference be- 
tween observed and de- 
sired outputs, and changing 
the connection weights un- 
til the observed outputs ap- 
proach the desired outputs. 
The output is typically a 
classification of the input 
into one of several catego- 
ries, or an enhancement or 
completion of the input (as 
in the case of the image- 
processing example dis- 
cussed earlier). 

Neural networks often 
are used to handle time se- 
ries as well as static data, 
producing very good re- 
sults. Once a neural net- 
work is trained, it can typi- 
cally produce good results 
even with noisy or incom- 
plete data. 

Fuzzy logic began with 
fuzzy set theory, developed 
by Lotfi Zadeh. The concept 
of fuzzy sets—or of fuzzi- 
ness in general—offers a 
new way of looking at un- 
certainty. 

Whereas previous prob- 
abilistic thinking dealt with 
the issue of randomness, 
uncertainty (for example, 
the degree to which some 
specific event takes on cer- 
tain attributes or falls 
within a certain class) is dif- 
ferent. It deals with ambi- 
guity. As Bart Kosko, a 
leading fuzzy-neural re- 
searcher, describes _ it, 
“Whether an event occurs 
is ‘random’, to what degree 
it occurs is fuzzy.” 

Fuzzy set theory has led 
to fuzzy logic and fuzzy in- 
ference, which comes in the 
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form of fuzzy associative 
mappings. Like traditional 
AI methods, fuzzy-logic 
methods are typically ap- 
plied to high-level struc- 
tured or linguistic data. Un- 
like traditional AI methods, 
fuzzy inferencing allows 
“rules” to be used with de- 
grees of certainty, and con- 
clusions to be drawn with 
differing degrees of cer- 
tainty. | 
What’s the implication of 
all these “soft computing” 
processes? Is it simply a 


way to get better loading 
for washing machines, self- 
focusing on cameras, and/or 
improving other small 
niches in the consumer elec- 
tronics market? Maren 
speculates that “while 
these products capture im- 
mediate attention—and 
garner monies for more ad- 
vanced R&D—the long- 
term goal of researchers in 
these areas is nothing less 
than true machine intelli- 
gence.” As Lofti Zadeh, the 
father of fuzzy logic, put it, 





“In the final analysis, it may 
be argued that it is soft com- 
puting, rather than the tra- 
ditional hard computing, 
that should be viewed as 
the foundation for AI. In 
the years ahead, this may 
well become a widely held 
position.” 

For further information 
on neural networks and 
their applications, contact 
Dr. Alianna Maren at P.O. 
Box 24714, Chattanooga, 
TN 37422 (615) 848-3751. 

LEE GOLDBERG 





PRODUCTION SYSTEM FACILITATES 
BARE-DIE TEST AND BURN-IN 


newly developed 

practical means of 

testing and burning 
in bare die just may be the 
ticket for screening known- 
good die (KGD) for mul- 
tichip modules (MCMs) and 
hybrids. The economical 
system, which lends itself 
to either manual or auto- 
mated operation, doesn’t 
degrade die pads and per- 
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forms electrical tests, burn- 
in, baking, at-speed testing, 
and other screening opera- 
tions. 

The system was created 
jointly by Texas Instru- 
ments’ Metallurgical Mate- 
rials Div., Attleboro, Mass., 
and MicroModule Systems 
(MMS), Cupertino, Calif. 
Called DieMate, it can per- 
form functional IC tests at 
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temperatures up to 15°C and 
speeds up to 250 MHz. It 
handles thermal cycling from 
—55 to +150°C and burn-in to 
+150°C. An initial endorse- 
ment was received from In- 
tel Corp., Santa Clara, which 
is using the scheme for test 
and burn-in of its SmartDie 
bare-die products (ELEC- 
TRONIC DESIGN, July 11, p. 


44). 
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Two parts make up the 
DieMate system (see the 
photo). One is areusable die 
carrier that acts as a tempo- 
rary IC package for die 
testing and handling. The 
user simply loads an IC die 
face-down onto the carrier 
manually or with pick-and- 
place equipment and then 
attaches the lid. The second 
part is a test and burn-in 
socket capable of high- 
speed functional testing 
and a full range of tempera- 
ture screening. The loaded 
carrier drops into the open- 
top design of the socket af- 
ter pressing down on the 
socket cover. Such a design 
permits the use of stand- 
ardized burn-in boards. 

Although the DieMate 
carrier and socket can be 
employed manually, they’re 
designed for automated 
use. The top and bottom of 
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the reusable carrier can be 
inserted into sockets, test 
handlers, or carrier trays 
by pick-and-place equip- 
ment. The socket requires 
minimal actuation force to 
open its contacts, allowing 
the carrier to be dropped 
into place. 

The carrier’s base assem- 
bly includes a thin-film cop- 
per/polyimide membrane 
fabricated by MMS. The 
membrane contacts the 
bond pads on the die witha 
series of gold-plated bumps 
coinciding with bond-pad 
coordinates. These bumps 
are topped with a proprie- 
tary oxide-penetrating fea- 
ture that provides a non- 
wiping contact interface 
with the die. In this way, the 
system makes temporary 
contact with the bond pads 
without degrading them. 

Signal traces are routed 


to the carrier’s edge, where 
contact pads connect to the 
socket. The membrane 
bumps also are compliant 
and will adjust to any me- 
chanical dissimilarities be- 
tween the die and the sub- 
strate. 

Rigorous alpha-site test- 
ing indicates that the reus- 
able die carrier is capable of 
500 cycles. The high cycle 
life is a key factor in keeping 
test costs for individual die 
low. TI estimates that per- 
die costs can be as little as 
$0.25 to $0.50, depending on 
volume and _ process-flow 
rates. DieMate systems 
with 56-, 110-, and 280-pin 
sizes are in production, and 
a 400-pin version is in the 
planning stage. 

For more information on 
the DieMate system, con- 
tact TI at (508) 699-8800. 

DAVID MALINIAK 


OPTICAL ELEMENT COMBINED WITH LCD 
TECHNOLOGY ENABLES 3D DISPLAY ce 


polarizing optical ele- 
Are known as a mi- 

croPol has made it 
possible to produce three- 
dimensional stereoscopic 
active-matrix liquid-crystal 
displays (AMLCDs) that 
Surpass conventional 2D 
systems and other 3D tech- 
nologies in the areas of 
quality, flexibility, and cost. 
In fact, because people have 
stereo vision, an AMLCD 
device equipped with a mi- 
croPol element can produce 
stereo images that will en- 
hance the processing as 
well as the visualization of 
information in various ap- 
plications. 

The process used to pro- 
duce these 3D stereoscopic 
AMLCD devices, microPol 
optical technology, is based 
on an array of small polariz- 
ers oriented in alternating 
polarization states during 
the display process. As are- 
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sult, a true sense of depth is 
given to computer-gener- 
ated images. 

Today’s 3D display tech- 


nologies have actually 
dominated a number of 
technical industries for 


some time. Though these 
devices enable the viewing 
of 3D images, they typically 
require slides and transpar- 
encies, as well as bulky, 
costly headgear. In addi- 
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tion, conventional devices 
are plagued by the prob- 
lems of image flickering and 
ghosting. In _ situations 
where reliable, high-qual- 
ity images and compact 
portable equipment are the 
defining characteristics, 
conventional display de- 
vices simply don’t make the 
grade. 

Reveo Inc., Hawthorne, 
N.Y., in an attempt to ad- 
DES IGN 
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dress these issues, came up 
with the microPol optical 
technology that can pro- 
duce the stereoscopic depth 
perception required for 
viewing 3D images. Fabri- 
cated using advanced mi- 
crofabrication techniques, 
the microPol element com- 
bined with today’s § ad- 
vanced display technology 
produces AMLCDs with 
greatly increased resolu- 
tion and realistic depth. As 
a result, typical microPol- 
enhanced display products 
are more powertul, reliable, 
and cost-effective than cur- 
rent 3D systems. 

The microPol optical ele- 
ment is made up of a peri- 
odic array of microscopi- 
cally small polarizers that 
spatially alternate between 
one polarization state, or di- 
rection, and another polari- 
zation state perpendicular 
to the first. The size of each 
micropolarizer can be as 
small as 10 um. As a result, 
a microPol element could 
have more than 100,000 mi- 
cropolarizers of alternating 
polarization states. De- 
pending on the desired ef- 
fect, the polarizers can be 
configured into one of two 
possible configurations, 
either a checkerboard ar- 
rangment or a one-dimen- 
sional configuration (see the 
figure). 

The process of stereo- 
scopic imaging and viewing 
requires the presentation 
of two views of an object, 
both the left and right per- 
spective, for a viewer's left 
and right eye, respectively. 
When these two perspec- 
tive views are combined, a 
composite image that con- 
tains both the left- and 
right-eye information is 
formed as a result. By alter- 
nating this image on a line- 
by-line basis, a spatially 
multiplexed image (SMI) is 
created. 

When combining these 
two technologies in a pro- 





Are two memories 
setting you nowhere? | 


m, duplication, complex 7ns/35ns random write/ read access _ 
controllers, plus extra times make cache DRAMs, RAMBUS" 
space and power.And — and SDRAMs obsolete as well. 



















Forget cache or interleaving and get 
moving with EDRAM. 


__ Most schemes that com- 















. , with all that effort, ‘To get the performance you need, 
tC bos speed differetices _ performance is still plus significant savings in cost, space 

deal nemo) es compromise. and power, use EDRAMs. Theyre 
So have 7 obvious Th Ramtron S family of Enhanced the first practical solution for high 


| es Wash eee i DRAMs(EDRAMSs) gives you a far bandwidth memory designs. And 
leaving, ne pa eopeeye . better solution. With [5ns page reads _ compatibility with today’s DRAMs 


_ between memories and pro- 





and writes, —_allowsa simple upgrade path, 


Organiz, Py. Cycles. Random W/ R Acces | Package 
oo they make Gell 





























cacheand | 






_ |DM2202 








interleaving _ 


300 mil SO] 


ional. RAMI300493 _ 





jection system or display, 
the microPol element com- 
ponent is responsible for 
the task of polarization en- 
coding of the left and right 
image lines of the SMI dur- 
ing the display process. In 
this process, a microPol ele- 
ment of the same spatial pe- 
riod as the SMI is placed 
over the SMI, so that the 
alternating left-eye and 
right-eye information lines 
have alternating polariza- 
tions. 

Upon viewing through an 
appropriately oriented po- 
larizer rotated by 90 de- 
grees, a person’s left eye 
observes the left view and 
that viewer’s right eye ob- 
serves the right view. Sub- 
sequently, the human brain 
fuses the two images, pro- 
ducing stereoscopic depth 
perception. This demulti- 
plexing operation enables 
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both the left and right eyes 
to collectively view a com- 
posite stereoscopic 3D im- 
age through passive polar- 
izing glasses. 

One prime implementa- 
tion of microPol optical 
technology is the VR-1000 
stereo projection panel 
manufactured by VRex, a 
subsidiary of Reveo. This 
high-performance, portable 
multimedia tool provides 
realistic depth perception. 
It achieves this by project- 
ing computer-generated 3D 
stills, animation, and view- 
ing images. 

Using a thin-film-tran- 
sistor (TFT) color AMLCD, 
the VR-1000 stereo projec- 
tion panel features a high- 
resolution microPol ele- 
ment, a pixel resolution of 
640 by 480, a contrast ratio 
of 100:1, and an active dis- 
play area of 7.5 by 5.7 in. Yet 


it’s quite light , weighing in 
at only 5.5 lbs. 

The 3D images projected 
from the AMLCD screen 
may be viewed using inex- 
pensive passive glasses, 
eliminating the need for 
costly, bulky electronic 
headgear. With its high 
resolution and unique 3D 
capabilities, all due to the 
implementation of microPol 
optical technology, it stands 
out as one of the industry’s 
first computer-generated 
3D image-projection sys- 
tem. 

It’s conceivable to fore- 
see the implementation of 
microPol technology in nu- 
merous other applications. 
One such application, Cy- 
berBook, a 3D stereoscopic 
notebook computer, would 
allow cost-effective stereo- 
scopic presentations to be 
viewed anytime, anywhere 





on an AMLCD screen with 
the use of passive glasses. 

Future implementations 
of microPol optical technol- 
ogy may find its place in any 
one of a number of applica- 
tions for various industries. 
These applications include 
CAD/CAM, CAE, commu- 
nications, training, robot- 
ics, scientific visualization, 
space, and simulation. They 
also include multimedia and 
virtual reality. 

Both the VR-1000 stereo 
projection panel and the 
CyberBook _ stereoscopic 
notebook computer are cur- 
rently available for pur- 
chase. Additional technical 
information and cost details 
may be obtained by contact- 
ing either Reveo Inc. at 
(914) 345-9555 or its sub- 
sidiary VRex Ine. at (914) 
345-8877. 

CHERYL AJLUNI 
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MULTIBANKED ARCHITECTURE PROVIDES 
FAST, FLEXIBLE, AND REDUNDANT DRAMS 


oday’s designers of 

DRAM-based mem- 

ory subsystems for 
graphics and other high- 
performance applications 
have an arsenal of memory 
options to choose from. 
However, most available 
high-performance 
choices—generic video 
RAMs; Window RAMs 
available from Samsung 
Semiconductor Inec., San 
Jose, Calif.; generic syn- 
chronous DRAMs; cache 
DRAMs available from Mit- 
subishi Electronics Co. of 
America, Sunnyvale, Calif. 
and Ramtron Corp., Colo- 
rado Springs, Colo.; and the 
unique RDRAMs made by 
RAMbus, Mountain View, 
Calif—carry with them 


some penalties. 

One of those penalties is 
a larger chip area than a 
standard DRAM and, con- 
sequently, a higher price 
tag. Ina few cases, memory 
access latency is the issue, 
rearing its head most when 
accesses must be done ran- 
domly throughout the 
memory space. Latency is 
less of an issue when long 
sequential strings of data 
are transferred. 

Now, a novel DRAM ar- 
chitecture that combines an 
array of small, independent 
DRAMs on one chip not 
only provides very fast read 
and write access times, but 
also gives users degrees of 
flexibility and redundancy 
that were previously un- 


available. Furthermore, the 
forthcoming memory will 
address all three key fac- 
tors—high performance, 
competitive pricing with 
DRAMs, and simple system 
implementation. 

Developed by MoSys 
Inc., San Jose, Calif., the 
multibank DRAM, known 
as an MDRAM, integrates 
an array of “N” inde- 
pendent DRAMs, each 256 
kbits, onto a single semicon- 
ductor chip. 

Each MDRAM bank is 
organized as 256 rows and 
128-byte columns. The 
novel MDRAM device is 
also quite fast. Its Read and 
Write times starting with 
the Column Address Strobe 
signal are just 15 ns and 6 


swapping are replaced with one easy pro- 


cedure. Training and equipment needs are 





ns, respectively. 

Data is transferred in 
bursts to or from the 
MDRAM—the first word 
input to the memory is a 
starting address, which ac- 
tivates one of the N DRAM 
banks and specifies the lo- 
cation of the first data word 
to be accessed. Bursts of up 
to 128 bytes can be clocked 
in or out using both the ris- 
ing and falling clock edges 
(two transfers per clock cy- 
cle) before the address 
must be changed. 

The short initial access 
times and the burst-trans- 
fer capability give the mem- 
ory chip a wide bandwidth 
of more than 660 Mbytes/s 
over its 16-bit-wide data 
bus when operating at its 
top clock rate of 167 MHz. 
In contrast, the Rambus 
RDRAM offers a top trans- 
fer rate of 500 Mbytes/s but 
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must be clocked at a fre- 
quency of 250 MHz to 
achieve that throughput. 
Synchronous DRAMs oper- 
ating at a frequency of 100 
MHz deliver a_ peak 
throughput of several hun- 
dred megabytes/s over a 16- 
bit interface. 

Each 256-kbit block is a 
complete DRAM, _ fabri- 
cated using 16-Mbit mem- 
ory design rules, ensuring 
that the small blocks are 
very fast. Moreover, be- 
cause the blocks only have 
to drive an on-chip metal 
bus, they can be accessed 
very quickly. 

All of the blocks have a 
16-bit data-bus interface 
and are tied to a central 
data and control bus. This 
16-bit central data bus is 
connected to repeaters that 
buffer the signals and then 
feed them to the outside 
world over a 26-pin host in- 
terface, which operates in a 
manner similar to that of 
synchronous DRAMs (see 
the figure). 

The multiple banks also 
improve overall net band- 
width, especially in the case 
of small block transfers. 
They allow various opera- 
tions to be time-multi- 
plexed and minimize lost 
time due to latencies be- 
tween transfers. 

For example, a novel 
MDRAM clocked at a fre- 
quency of 75 MHz can pro- 
vide faster transfer rates 
than high-speed single-port 
DRAMs for memory trans- 
fers of less than 64 bytes/re- 
quest. In addition, when op- 
erated at a frequency of 100 
MHz, the MDRAM pro- 
vides a higher net band- 
width than any other mem- 
ory approach for transfers 
of less than 128 bytes. 

Each memory block in- 
cludes its own address de- 
coder, read/write control 
logic, and redundancy con- 
trol elements. The central 
data bus that interconnects 
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all blocks routes every sig- 
nal to the host-computer in- 
terface. The interface in- 
cludes small but high-effi- 
ciency bus repeaters that 
can drive the signals off the 
chip or distribute the in- 
coming signals across the 
chip. 

One unusual aspect of the 
architecture opted for by 
MoSys’ designers is that all 
signals are routed off or 
onto the chip from a single 
edge of the chip. That al- 
lows for a simple intercon- 
nection scheme when multi- 
ple chips are connected to- 
gether, and also minimizes 
the amount of chip area re- 
quired for bonding pads. On 
top of that, the multiple- 
bank approach lowers over- 
all chip power consumption: 
Because each bank has its 
own address decoder, the 
bank will only become ac- 
tive when it detects an ad- 
dress match. As a result, 
only one of the “N” banks on 
the chip will be active at any 
one time, which keeps 
power drain down to a 
minimum. 

The architecture’s high 
memory-area-to-logic-area 
ratio also reduces the 
amount of area required by 
non-redundant circuits. 
This in turn diminishes the 
chance that a manufactur- 
ing defect will totally dis- 
able chip operation by hit- 
ting one of the non-redun- 
dant sections. Further- 
more, the high memory-to- 
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logic ratio as well as the 16- 
Mbit DRAM process rules 
will yield a chip area that’s 
comparable to standard 
DRAMs, which means that 
the chips also will be com- 
petitively priced. 

During the manufactur- 
ing process, each memory 
block is assigned an address 
through a mask step. When 
the DRAMsin the array are 
tested prior to being pack- 
aged, bad blocks are dis- 
abled and good blocks are 
“reassigned” by disabling 
the default address and pro- 
gramming in (via _laser- 
blown fuses) the new ad- 
dress. Thus, any bank can 
replace any other bank to 
repair defects. That means 
all chips free from non-re- 
dundant area defects can be 
sold. 

In addition, just three 
days are needed to define a 
new mask set to implement 
MDRAMs with custom-de- 
fined capacities and granu- 
larity. The resultant mem- 
ory could then be optimized 
for a specific capacity/cost 
point. To further reduce 
cost, the final memory still 
could use the same test pro- 
gram, leadframe, package, 
and pinout. 

When the host-computer 
interface receives a start- 
ing address, all blocks will 
examine the incoming ad- 
dress and the matching 
block will activate. Unlike 
standard DRAMs in which 
row changes are slow and 
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column changes are fast, 
the MDRAM, due to its 
banked architecture, has no 
long row latency time be- 


cause the independent 
banks can be “cached” to 
minimize access delays. 

Furthermore, unlike 
chips such as the Rambus 
RDRAM that has burst la- 
tency of 50 or more 2-ns 
clock edges, the MDRAM 
has a single-bank decoding 
delay of just 15 ns to reach 
the first data word. The 16- 
bit-wide architecture, when 
combined with the flexibil- 
ity to quickly define any 
memory depth, lets design- 
ers create chips optimized 
to match the system granu- 
larity. In contrast, using 
standard catalog parts 
(such as 1-Mbit or 4-Mbit 
memories) in graphics sub- 
systems often results in 
some unused memory, be- 
cause the DRAMs have too 
much capacity for some 
screen resolution/color 
combinations. 

Samples of the first mul- 
tibank DRAMs will be re- 
leased in the late third quar- 
ter. In addition, MoSys has 
contracted with three 
DRAM foundries and lined 
up several alternate-source 
partners who will also sell 
the high-performance 
MDRAMs. 

For further information 
on the novel MDRAM, con- 
tact Gary Banta at (408) 
321-0770. 

DAVE BURSKY 
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TECHNOLOGY ANALYSIS 


HIGH-SPEED MODEMS: THEY’RE 
NOT JUST FOR DATA ANYMORE 


INNOVATIVE MODEM TECHNOLOGIES PUMP DATA, FAX, 
AND VOICE-MAIL AT BLAZING SPEEDS. J UST How Do 
THEY GET THOSE 114 KBITS ON THAT 3-KHZ LINE? 





LEE GOLDBERG 


igh-speed modems are es- 
sential for survival in a 
world that thrives on fast, 
easily accessible data. 
There’s an almost bottom- 
less demand for products of- 
fering higher transmission rates which re- 
duce both waiting time and telephone connect 
charges for large file transfers. Over the past 
few years, technologies have evolved that 





help data-hungry users squeeze increasingly 


fast data streams into the narrow 8-kHz pipe- 
line originally meant to transmit grainy 
sounding voice signals. Rapid advances in 


DSP drives communication- 
equipment trends 
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1982 1994. 


1. INEXPENSIVE AND POWERFUL DSP CIRCUITS form the heart of 
modern communication systems. As higher-performance DSP technology becomes widely 
available, it becomes possible to implement increasingly complex modulation and 
compression processes. Such complex techniques make more efficient use of the limited 
bandwidth within the telephone system and the wireless cellular band. 
EL ECcCTRONI C 


30-40 MIPS 


technology coupled with high consumer de- 
mand has ensured that designers have a wide 
range of high-speed modem chip sets to 
choose from (see the table). 

The most recent development in this quest 
for speed is the finalization of the V.34 proto- 
col, which can support communication at up 
to 28.8 kbits/s. With additional compression 
techniques, some systems are able to achieve 
effective throughputs eclipsing 100 kbits/s 
over standard telephone lines (see “V.34: A 
closer look,’’ p. 50). 

More than just an evolution of current pro- 
tocols, V.384 represents a quantum leap in 

complexity, requiring sig- 
‘| nificantly more processing 
| power to support it (F729. 1). 
| The new, higher data rates 
also have some interesting 
| side benefits. Along with 

handling increasingly so- 
phisticated data protocols, 
today’s modem chip sets 
| use their powerful signal- 
processing capabilities in 
multiple roles to provide 
| other functions, such as 
fax, voice-mail, and low- 
speed video. In addition, 
several techniques have 
been developed to split the 
modem’s bit stream into 
two channels, allowing for 
simultaneous transmis- 
sion of voice and data. 

Though the ink on the 
V.34 protocol isn’t even 
dry, a number of modem 
manufacturers have al- 
ready released their first 
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implementation of the version of 
V.34 that will be submitted for final 
approval early this fall. Other ven- 
dors are still selling parts that use 
the pre-release version of V.34 
(dubbed V.FAST by the industry) 
and will soon issue new V.34-compli- 
ant software to clear up the minor 
discrepancies between the two pro- 
tocols. This is possible because of 
programmable digital-signal-proces- 
sor (DSP) technology used in most 
(but not all) high-speed modem chips. 

Even the previous generation of 
V.32-based protocols were very com- 
plex and evolved rapidly into higher 
performance variants of the original 
standard. To cope with this, most 
manufacturers turned to high-per- 
formance, general-purpose, pro- 
grammable DSPs rather than rede- 
sign dedicated logic every time a 
faster modem standard was intro- 
duced. In such a device, the execut- 
able code is stored in an external 
ROM or downloadable RAM to per- 
mit easy upgrading as standards 
evolve. 

Designers working with these 
faster, more intelligent, V.32 and 
V.34 devices will find that modems 
have transformed from being fairly 
straightforward VLSI components 
to complex communications subsys- 
tems, often with their own embedded 
software and book-like data sheets. 
On a positive note, much of the re- 
quired analog interface circuitry has 
been placed on a single chip or re- 
placed with DSP filter functions, re- 
ducing parts count and pc-board area 
requirements. Similarly, most or all 
of the “glue” logic and host-comput- 
er-system interface circuitry is incor- 
porated into the modem chip sets 
themselves. In addition, these chips 
are usually designed to be down- 
ward-compatible with virtually ev- 
ery previous modem and fax stan- 
dard that’s been widely used over the 
past 20 years. 

Before we begin examining the 
modem chip sets themselves, let’s 
take a quick look at the evolution of 
the last few generations of modem 
protocols. Still somewhat popular 
among low-end computer users is 
V.22-compatible modems. The origi- 
nal V.22 protocol specified that data 
be moved at a lumbering 1200-bit/s 
rate. Its improved variant, the 
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V.22bis standard, delivers 2400 bits/ 
s, which is adequate for many simple 
tasks. Chips adhering to these two 
protocols have been on the market 
long enough to slide far down on the 
price curve, making them good can- 
didates for applications where cost is 
the overriding concern. 

Currently, most modems being 
produced employ the V.82 family of 
protocols, which start at 9600 bits/s. 
The first extension to this protocol is 
the V.82bis standard. V.32bis takes 
advantage of some of the unused 
bits in the V.32 startup sequence, 
making it possible to add an en- 
hanced mode that boosts the trans- 
mission rate to 14.4 kbits/s. The 
V.32terbo modulation is a simple ex- 
tension of its predecessor, V.82bis, 
which uses the last two available 
startup sequence bits to enable an 
enhanced coding scheme that sup- 
ports data rates to 19.2 kbits/s. 

While not as fast as V.34, these 
V.382-class products offer very good 
cost/performance ratios because 
component prices are dropping as 
the market matures. Moreover, the 
simpler V.32 controllers require 
much less code and computational 
power than their V.84 counterparts. 

Because fax transmissions em- 


A TYPICAL MODEM ARCHITECTURE using dedicated logic is illustrated 


ploy a technology similar to that 
used in data modems, many manu- 
facturers offer their chips with fax 
capability. Most modem-chip ven- 
dors support at least the V.29 proto- 
col, which delivers a 9.6-kbit/s data 
rate. Many offer a V.17 mode at 14.4 
kbits/s. In fact, at least one chip 
maker (AT&T) has already rolled out 
a device that supports V.17terbo 
data at 19.2 kbits/s. 

A modem can be described as a col- 
lection of several functions. Each 
manufacturer makes architectural 
decisions on how to implement each 
function and which functions to 
group within a particular chip. These 
decisions directly affect the perfor- 
mance, flexibility, and cost of the 
chip or chip set being produced. 


MODEM ARCHITECTURE 


The actual modem function is usu- 
ally referred to as a data pump, a de- 
vice that translates digital informa- 
tion into the properly modulated 
waveform for transmission and per- 
for-as the inverse function for in- 
coming data. Some data pumps em- 
ploy a specialized array of dedicated 
analog and digital logic circuits to 
perform this task while others use a 
general-purpose DSP circuit and 


Telephone 
line 
interface 
(DAA) 


Speaker 
circuit 
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a in this block diagram. This system uses Rockwell's RC288ACi series chip set. Note the 
outboard compression/expansion processor, which increases performance. 
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specialized code. If a DSP-style data 
pump is chosen, a codec function is 
required to translate between the 
digital format of the processor and 
the analog line signal. A separate 
line-interface function performs sig- 
nal conditioning, isolation, and im- 
pedance matching between the data 
pump and the telephone line. 

A controller function orchestrates 
the overall operation of the modem, 
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providing directions to the data 
pump and controlling the flow of 
data to and from the host-computer 
system. The controller usually per- 
forms error control, data compres- 
sion, communication with the host- 
computer system, and line-control 
functions. In addition, the controller 
is usually responsible for implement- 
ing a command set that permits the 
host-computer system to control the 


V.34: A CLOSER LOOK 








modem. Most often, the Hayes mo- 
dem “AT’’ command set is used as a 
de facto standard. 

The host interface function serves 
as a data and command path between 
the modem and whatever system it’s 
connected to. For external or stand- 
alone applications, a serial interface 
is typically chosen. 

Ordinarily, a parallel interface is 
used to tie the device directly to the 
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computer bus when the modem is 
mounted on the motherboard or ona 
bus card. Many manufacturers also 
offer PCMCIA-compatible host in- 
terfaces, either as part of the host- 
computer interface or as a single- 
chip add-on. 

There are several ways to assem- 
ble these functions into chip-sized 
chunks, depending on the intended 
application and fabrication technolo- 


the 4D 16-state code is about equal 
to the complexity of a 2D 8-state 
V.82 decoder. But the 64-state de- 
coding task is 16 times more com- 
plex. In total, V.34 requires 
around 385 to 40 MIPS of DSP pro- 
cessing power, whereas V.82 re- 
quires only 20 MIPS. 

V.34 and V.32 symbols also dif- 
fer significantly. For example, 
V.32 always has an integer num- 
ber of bits/symbol (i.e. the num- 
ber of constellation points is al- 
ways a power of 2). When trellis 
coding is used, a bit/symbol cod- 
ing overhead is needed. In a 14.4- 
kbit/s modem based on a symbol 
rate of 2400, for example, there 
are 6 data bits per symbol. An ad- 
ditional bit for coding results ina 
constellation of 2’ or 128 points. 

V.34 modems, however, must 
support a wide variety of symbol 
and bit rates—as many as 9 data 
bits/symbol are needed to sup- 
port a 28.8-kbit/s data rate at 3200 
baud. Many of the bit-rate/baud- 
rate combinations even require a 
non-integer number of bits/sym- 
bol, called fractional bit rates. For 
example, at a data rate of 26.4 
kbits/s and a symbol rate of 3200, 
there are 8.25 bits/symbol. 

Another V.34 innovation is the 
fact that only 1/2 a bit of trellis- 
coding overhead is necessary per 
symbol. Cutting coding overhead 
in half relative to V.32 lets V.34 
reserve valuable bandwidth for 
more data. 

To handle the I/O associated 
with fractional bit rates, V.34 
specifies a series of frames to 
group symbols in such a way that 
the frames will represent an inte- 
ger number of bits. V.34 actually 
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gy available to the IC manufacturer. 
Some companies like Rockwell Inter- 
national have chosen to implement 
their modem function as a dedicated 
circuit rather than a general-purpose 
DSP circuit, so that they can optt- 
mize performance and reduce chip 
size. In Rockwell’s family of mo- 
dems, the dedicated data pump is 
driven by a single-chip controller 
that can be supplied by the company 





defines four different frame 
structures: 

e A 4D symbol (a pair of 2D sym- 
bols). Because 2D symbols re- 
quire 1/2 bit of coding overhead, 
each 4D symbol then requires one 
full bit. 

e A mapping frame consisting of 
four 4D symbols for use in a V.34 
technique called shell mapping. 

e A data frame that contains mul- 
tiple mapping frames, each of 
which can vary by +1 bit. In this 
way, a data frame contains an in- 
teger number of bits and can at 
the same time enable a low-speed 
secondary channel to be injected 
into the data path. 

e A superframe that combines a 
sufficient number of data frames 
to realize a constant number of 
bits/frame, regardless of the 
symbol rate. 

The V.84 specification also al- 
lows for variable power transmis- 
sion. Furthermore, it defines a 
number of optional transmission 
techniques to ensure maximum 
data rates on any connection. 
These include: 

e Adaptive preemphasis. This al- 
ters the transmitting modem’s 
output to compensate for amplli- 
tude distortion across the fre- 
quency band, effectively minimiz- 
ing the amount of work handled 
by the adaptive equalizer. 

e Precoding, which also helps the 
adaptive equalizer. Precoding ef- 
fectively whitens noise on the 
channel to minimize the high-fre- 
quency noise being boosted by the 
equalizer. 

e Nonlinear coding. This in- 
creases immunity to nonlinear 
distortion due to quantizing noise 
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or several other vendors, such as In- 
tel, Motorola, or Zilog (Fig. 2). An 
outboard compression/expansion 
processor may be added to the con- 
figuration for higher performance. 
This dedicated-hardware configura- 
tion offers the advantages of low 
cost, low parts count, and less exter- 
nal memory requirements to support 
the modem. 

The disadvantage to such a dedi- 


in a digital network. It causes dis- 
tances between constellation 
points to be non-equal. For in- 
stance, points in a region less sus- 
ceptible to noise are closer togeth- 
er and further apart in more sensi- 
tive regions. A similar warping 
technique was previously used in 
V.32terbo modems. 

e Shell mapping, which allows for 
constellation expansion or shap- 
ing. Shaping assigns a cost to re- 
gions of points based on their dis- 
tance from the origin, and concen- 
trates the most frequently used 
points near the center (lower pow- 
er) on the trellis-code constella- 
tion. This means that average 
transmit power is minimized, 
thereby increasing noise immunl- 
ty. 
The V.34’s plethora of symbol 
rates and options are a problem 
for the analog front end. Custom- 
arily, with a fixed set of communi- 
cation parameters, a modem 
would use a linear circuit in the 
front end for filtering. In V.34 mo- 
dems, however, the filter parame- 
ters must change on a connection- 
by-connection basis to match the 
chosen parameters. 

One solution is to use the DSP 
IC and software to implement the 
traditionally linear circuits. The 
DSP circuit’s horsepower can sim- 
ply set filter parameters at con- 
nect time and optimize the font 
end for prevailing line condition 
and communication modes. This 
substantially reduces the re- 
quired analog components and 
leads to a much more compact de- 
sign—especially key for compact 
portable applications. For exam- 

(continued on p. 52) 
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cated system is flexibility. If there’s 
sufficient computing power to sup- 
port it, a general-purpose, DSP- 
based modem system can be upgrad- 
ed to follow the evolution of commu- 
nication standards as well as add 
new features via software upgrades 
rather than a “forklift” solution. 
Many manufacturers now offer con- 
figurations that employ downloada- 
ble RAM to store their executable 
DSP and controller codes. This per- 
mits hardware-free upgrades to ex- 


(continued from p. 51) 
ple, the 50 MIPS offered by the 
AT&T’s DSP1600 core affords 
enough cycles to implement the 
front-end filters. 

Two design problems arise 
from V.384’s flexibility, however. 
First, V.34 only defines the capa- 
bilities required in the transmit- 
ter. The receiver can implement a 
subset of the total capabilities and 


still be within the specification. ' 


Second, the two modems must ne- 
gotiate to establish which param- 
eters to use in the data mode. 

A predefined startup sequence 
is the solution to these problems. 
When two V.34 modems connect 
initially, they perform a startup 
Sequence to negotiate a set of 
data-transmission parameters— 
the data mode. The ITU study 
group defined the first phase of 
the V.34 startup sequence in a 
separate specification known as 
V.8. Although V.34 is its first ap- 
plication, V.8 is a universal auto- 
moding scheme used in specifica- 
tions for other modems as well as 
for faxes or other telecommunica- 
tion devices. The remaining three 
phases of the startup sequence 
are defined in V.34. 

Phase 2 of the startup sequence 
specifies that the modems probe 
the channel from both ends initial- 
ly, with each modem transmitting 
test signals spread at 150-Hz in- 
tervals over the telephone-line 
bandwidth. During probing, each 
receiver makes decisions on the 
parameter set that will be used in 
the data mode. But first, the re- 
ceivers must determine the maxi- 
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isting products and lets vendors use 
the host computer’s disk drive or 
slower, less-expensive types of non- 
volatile memory to store the mo- 
dem’s operating instructions. 

Today, one of the most popular 
configurations employed in DSP- 
based architectures is an integrated 
controller/host-computer interface 
chip, a DSP chip, and an analog 
front-end chip (F2g. 3). This division 
of functions allows designers flexi- 
bility in design and the freedom to 


V.34: A CLOSER LOOK 


mum symbol rate the connection 
will support, and the optimal cen- 
ter frequency at that symbol rate. 

Once the symbol rate is estab- 
lished, the modems probe the 
channel for Gaussian noise and 
determine whether the 16-state 
code is sufficient for optimal 
transmission, or whether one of 
the more complex codes is re- 
quired. Regardless of the code ne- 
gotiated, the modems also must 
agree on the number of bits each 
symbol will represent, as well as 
which other optional parameters 
will be used. 

Each modem’s receiver then 
sends the chosen parameters for 
the connection to the transmit- 
ters. It’s not required to use the 
same parameters. The connection 
can operate at different speeds 
and with different parameters in 
each direction. 

While the startup sequence 
sounds simple enough, it only en- 
Sures an interoperability base- 
line. In fact, a significant obstacle 
exists to complete compliance and 
interoperability at maximum 


speed, particularly with early im- | 


plementations. V.34, like most 
specifications, includes items 
open to different interpretations 
by different designers. Early on, 
modems from different manufac- 
turers will likely have some inter- 
operability problems. These prob- 
lems will dissipate as the market 
for V.34 products matures, and 
leading products in the market be- 
come the de facto standard. 
During this period of clarifica- 
tion, designers will be wise to de- 
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choose a controller that’s best suited 
to interface with the targeted host- 
computer system. Manufacturers 
such as Analog Devices, AT&T, Cir- 
rus Logic, and Phylon have adopted 
variants of this approach. Texas In- 
struments also produces a segment- 
ed architecture that employs its 
TMS320C5x DSP IC and a special- 
ized ASIC to provide the glue logic to 
integrate the controller, DSP, and in- 
terface functions. 

As in most high-volume products, 


velop modems based on a soft- 
ware-upgradable architecture to 
ensure minimum user compliance 
and interoperability problems. 
Among others, AT&T offers a 
chip set called V.flex, which al- 
lows a designer to start with an 
easily upgradable RAM/flash- 
based design and then move to a 
ROM-coded design after the stan- 
dard crystallizes. An SRAM/ 
flash-based modem can be up- 
graded by the user via a floppy 
disk or a modem connection to a 
bulletin-board service. 

The other key to low-cost mo- 
dems is a complete V.34 imple- 
mentation in a minimum number 
of chips. Typically, only a handful 
of ICs is needed besides the DSP 
IC (which typically requires a 
companion digital interface IC). 
The DSP and interface ICs consti- 
tute a data pump. A microcon- 
troller also is required to handle 
functions such as the Hayes-AT 
command set, DIMF detection 
and generation, and error-correc- 
tion and data-compression proto- 
cols such as V.42 and V.42bis. 
Like the DSP IC, the microcon- 
troller will require more power 
than most of the ones used in V.32 
designs—especially to handle 
V.42 correction and compression 
on faster data streams. Most mo- 
dems also will need some SRAM, 
and upgradable designs require 
additional SRAM as well as flash 
memory. 

Contributed by Martin 
Rauchwerk, product marketing 
manager, AT&T Microelectron- 
ics, Berkeley Heights, N..J. 
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the trend toward increasing integra- 
tion is now a fact of life for modems. 
AT&T’s three-chip V.84 modem con- 
sists of an integrated controller/ 
host-computer interface chip, a data- 
pump interface, and an integrated 
DSP/codec chip. TI also announced 
its intent to develop a two-chip solu- 
tion in early 1995 and a single-chip 
modem with on-board memory by 
the end of next year. 

Motorola’s latest entry, the 
MC68356, is the closest thing to a sin- 
gle-chip solution available today. 
The chip manages to pack a DSP en- 
gine, a RISC controller, and a 68000- 
based microprocessor to handle in- 
terface functions on one chip, along 
with a PCMCIA interface and sever- 
al kbytes of RAM and ROM (Fig. 4). 
The only other components required 
for a complete system are some pro- 
gram memory for the interface con- 
troller, a codec, and a data-access-ar- 
rangement (DAA) circuit to convert 
the DSP IC’s output to telephone- 
company-compatible signals. 

While desirable for most applica- 
tions, a single-chip approach isn’t al- 
ways the answer. These highly inte- 
grated chips are usually fairly ex- 
pensive and might contain functions 
that can be provided by the existing 
host-computer system. If sufficient 
processing power is available, the 
CPU ina computer, game system, or 
cellular telephone may be able to per- 
form the command-set implementa- 
tion, compression functions, and oth- 
er duties handled by a controller. 

Another issue faced by chip manu- 
facturers is where to put the comput- 
ing horsepower required to perform 
the various functions. For the most 
part, the data pump is left alone to 
perform the complex modulation 
functions while the controller and 
host-computer interface worry 
about data compression, error con- 
trol, and implementing a user com- 
mand set. This typically requires a 
fairly powerful controller chip run- 
ning at full speed to keep up with the 
V.32/V.384 data rates and associated 
functions. 

Another approach was taken by 
Phylon with its PHY20XX series. 
The chip set’s DSP circuit has 
enough MIPS power to handle its 
normal tasks as well as data com- 
pression and error control. This off- 
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put 


3. THIS REPRESENTATIVE 3-CHIP MODEM, which employs DSP-based 
technology, is used in conjunction with Cirrus Logic’s CL-MD1414ECT data/fax/voice chip 
set. The controller and host-computer interface functions are combined, with separate DSP 


and delta-sigma analog front-end chips. 


loads the controller function suffi- 
ciently to permit the use of a low- 
cost, low-power controller chip, such 
as the Intel 8082. 


A JUNGLE OF OPTIONS 
The world of high-speed telephony 


isn’t the place for the faint-hearted 
or acronym-phobic. Besides the actu- 
al V.82/V.34 protocols, there’s an 
enormous pool of functions associat- 
ed with these data rates that are de- 
signed to augment transmission 
speed, control transmission errors, 
and help the modems cope with “‘less 
than optimal” line conditions. Let’s 
take a quick tour of this sometimes 
bewildering group of specifications. 

Compression for V.22 through 
V.34 modems is usually handled by 
run-length encoding schemes. This 
means that the algorithm can “con- 
dense” the material being transmit- 
ted by picking out frequently occur- 
ring long bit patterns and replacing 
them with shorter codes. Because 
the data may be of any type, the 
scheme must be “lossless” to pre- 
vent corruption of software and data 
files. While many sound and image 
files can easily tolerate a few bits 
missing here and there, software 
and data files get downright mean 
when you knock out even a small 
chunk of their code. 

One of the most successful early 
implementers of such a scheme was 
Microcom Corp., Norwood, Mass., a 
pioneer in the modem business. Prior 
to official codification of modem pro- 
tocols by the International Telecom- 
munication Union (ITU) and the In- 
ternational Consultative Committee 
on Telegraphy and Telephony 
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(CCITT), many Microcom algorithms 
(referred to as MNP-x) were adopted 
as de facto standards by the indus- 
try. While recently superseded by 
the V.42bis compression scheme, 
many modems still carry the MNP-5 
protocol so that they can be compati- 
ble with a large portion of the in- 
stalled base. 

Now that many modems have 
speech-processing capability, they 
can perform all kinds of new func- 
tions like voice-mail controllers or 
answering machines, which are dis- 
cussed later in this article. The prob- 
lem soon arises, though, when we re- 
alize that speech is pretty bulky 
stuff (128 kbits/s) in its raw form and 
will quickly eat us out of disk and 
RAM storage space if we try to store 
it in uncompressed form. 

Most modems that handle speech 
have several compression schemes 
available to them. The simplest are a 
pair of algorithms called p-law and 
A-law compression, which take 16- 
bit samples and turn them into 8-bit 
scalers, yielding a compression ratio 
of 2:1. Adding the Groupe Speciale 
Mobile (GSM) compression scheme 
used in European cellular telephones 
gives us an additional 5:1 squeeze for 
a more manageable data rate of 
about 18 kbits/s. Other compression 
schemes, such as the code-excited 
linear-predictive (CELP) algorithm, 
yield bit rates as low as 6.8 kbits/s 
while retaining good speech quality. 
Besides saving storage space, com- 
pressed speech is critical to efficient 
voice-over-data applications that 
share the modem’s extremely finite 
bandwidth between a voice channel 
and data stream. 
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Yo Ho Ho. This time the spec’s from Santa. More memory, lower power 
and a sub-atomic footprint. The clock isn’t exactly on your side. That’s why 
you should be designing with Microchip’s Smart Serial” EEPROMs. 

What’s so smart about Serial EEPROMs from Microchip? For starters, 
they boast user-configurable memory sectors for data security, an 
ultra-high endurance block and retention of critical data for more than 
40 years of continuous use. They incorporate Microchip's patented 
power management system which allows these energy-efficient devices 
to operate on a few microamps at only 1.8 volts. And up to eight of 
our 64K Smart Serials can be cascaded together to create EEPROM 
memory arrays of up to half a megabit in size! 

Microchip’s Smart Serials feature the industry's smallest footprints 
and lowest voltages. They range in size from 256 bit to 64K bit densities 
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with easy upgrades. And every density is available today — providing more 
than 400 memory configurations with 2- and 3-wire interface options. 
Add in our new Serial EEPROM Designer’s Kit and experienced team 
of worldwide field application engineers and you get the fastest time- 
to-market under the shortest deadlines. 

So if the assignment is to design 
something smart, small and spectacular, 
get your elves started now. Call Microchip 
and ask for your Biz Buddy” Design Kit. 
Then get creative and design it. 
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You should also remember that 
any communication link is suscepti- 
ble to errors and that noisy phone 
lines often are no exception. 


ERROR CONTROL 

Once again, the MNP 2-4 algo- 
rithms served as de facto standards 
until V.42 arrived on the scene. Many 
modems still support the MNP error- 
control standards, which can be in- 
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voked by non-V.42 modems as part of 
the call-setup procedure. 

As an example, MNP-4 provides a 
modem with a handshake system, 
which allows retransmission of pack- 
ets if they get lost or scrambled. This 
is very important when line quality is 
degraded by intermittent noise, 
caused by crosstalk, lightning, or 
other environmental factors. 

Another clever trick employed by 


some modem chips is called “V.42bis 
over MNP-4,” where the data is run 
through both the V.42bis compres- 
sor and MNP-4 error correction to 
squeeze the data close to its theoreti- 
cal limit while adding another layer 
of error control. While such a trick 
can only be used when modems at 
both ends of the line support it, this 
will be handled automatically at the 
time the call is set up while data rates 
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Yamaha’s all digital fax/voice/data modem 
and ISDN ICs steal the spotlight. 


Great communicators make history with their 
uncanny ability to transfer information. For that same 
reason, Yamaha’s family of great communicators can 
help you make history as you build the communications 
systems of the future. 

Their 100% digital design means an impeccable record 
for reliability. In addition, they come with special features 
available nowhere else. Like ISDN ICs that provide the 
world’s first single chip basic rate interface device that 
supports Layer 1, Layer 2 and CPU interface for Layer 3. 

Furthermore, they offer all the right connections. In 
fact, Yamaha chips connect at higher rates where other 
fax modem ICs fall back. 

Most importantly, Yamaha single chip solutions are a 
pleasure to work with. Backed by a full range of design 
aids and software tools, they also reduce development 
time and costs dramatically. In addition to VOdemWare, 
you get FAXSIM PLUS--available only from Yamaha. 
What’s more, you get support for all the most popular 
protocols: T.4, 7.30, V.42bis--even Binary File Transfer and 
Error Correcting Mode. 


Finally, low power operation and compact packaging 
make Yamaha communications chips ideal tor PCMCIA 
and palmtop applications. And built-in upgrade paths 
make it easy to add performance enhancements as needed. 

So let Yamaha’s great communicators put you in the 
spotlight. For more information, communicate with your 
Yamaha representative. Call 1-800-543-7457 today. 


YAMAHA 
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Yamaha Corporation 

Electronic Devices Division 

203, Matsunokijima, Toyooka-mura 
Iwata-gun, Shizuoka-ken, 438-01 

(81) 539-62-3125 Fax: (81) 539-62-5054 


East Coast Office 

Yamaha LSI 

Systems Technology Division 

620 Herndon Parkway, #200 
Herndon, VA 22070 

(703) 481-9871 Fax: (703) 709-1392 


West Coast Office 

Yamaha LSI 

Systems Technology Division 

981 Ridder Park Drive 

San Jose, CA 95131 

(408) 437-3133 Fax: (408) 437-8791 
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Squeeze the most 
out of your design cycle. 


You know time is money. And at Texas 
Instruments, we can help you speed your product 
to market. Meaning you are free to do what you do 
best — create the next breakthrough products. 


Be first to market with leading-edge 
designs. From notebooks and PDAs to wireless 


communications and multimedia, you can 













harness the power of TI’s DSP solu- 
tions, low-power 486 

microprocessors and “ 
mixed-signal devices to 
design unique products 
fast. Our industry-leading 
TMS320 DSP family offers a 
road map with the flexibility of 
software-programmable solutions 
that can migrate into highly 
integrated, custom DSPs that 
deliver cost-effective high 
performance. And compatible 
logic families and memory 
devices also help you move your 


designs easily from 5 V to 3 V. 
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Technical support that gets you up to speed, 
fast. Move quickly from selection to prototype with 
clear, concise technical information and real-world 
application notes. And C compilers, emulators, devel- 
opment tools, behavioral models and SPICE rules can 


help you create DSP solutions in record time. 


Setting the benchmark: A 94% on-time 
delivery record. At TI, we deliver what we 
promise. So you won't be left waiting for your ICs 
to arrive. In fact, in an expanding market, we 
set an industry benchmark by having a 94% 


on-time-to-commit-date delivery record. 


Win the race to market. Getting 
to market faster with a better prod- 
uct. That’s what business is all about. 
And with TI, you’ll find a unique 
blend of silicon, support 
and service. We call it 
Total Integration.™ You'll 
call it your competitive 
edge. To find out more, 
just call your nearest TI 
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and protocols are being established. 

If you’re designing a product 
that’s intended for use in cellular 
systems or long runs through areas 
with poor-quality telephone lines, 
you should strongly consider the 
small extra expense in selecting a 
modem chip that supports either the 
MNP-10 or the ETC (Enhanced 
Throughput Cellular) protocol devel- 
oped by AT&T Paradyne, Largo, Fla. 


These bundles of techniques were 
created to help modems cope with 
the noisy, rapidly changing line con- 
ditions found on cellular service. 
Because cellular telephones are 
often used in mobile applications, the 
signal strength may vary quickly as 
a telephone moves between base sta- 
tions at highway speeds. The distur- 
bances experienced during handoffs 
and passage through dead zones are 


only two of the problems that a mo- 
dem must contend with while talking 
over a cellular connection. 

MNP-10 software provides adap- 
tive transmitting techniques such as 
dynamic packet sizing and on-the-fly 
data-rate adjustment to keep the bits 
flowing as the signal strength and 
noise floor changes. As conditions 
worsen, MNP-10 adjusts packet size 
downward. This increases transmis- 
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sion overhead but reduces noise-in- 
duced data loss by presenting a 
smaller target. The transmission 
rate also changes according to condi- 
tions, allowing the fastest rate possi- 
ble at all times. While quite effective, 
MNP-10 requires that both the trans- 
mitter and receiver have MNP-10 
functionality in order to use it. 

The performance of AT&T Para- 
dyne’s ETC function compares fa- 


vorably with MNP-10, but enjoys the 
advantage of being able to work if 
only one end of the transmission sup- 
ports it. ETC also has a more sophis- 
ticated data-rate adjustment scheme 
that gives it a higher percentage of 
successful connections under harsh 
field conditions. Though not all of the 
features of MNP-10 or ETC can be 
used for land-line transmissions, 
they do provide an extra edge for 


maintaining the highest possible 
quality connection when calling ar- 
eas with marginal telephone service. 


Host INTERFACES 


There are several ways to get the 
data between the modem and its 
host. If the modem is to be located 
some distance from the host system, 
a serial interface is usually used to 
simplify the electrical connection. 


REPRESENTATIVE HIGH SPEED MODEM CHIPS/CHIP SETS 


Motorola Microprocessor 
& Memory Technologies 
6501 William Cannon 
Drive West 

Austin, TX 78735-8598 
Rex Kiang: (512) 891- 
2429 


68356 Signal Process- S$ 
ing Communications 
Engine 
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Y Software required Enhanced single 

for voice storage _ chip integration ofa 
68302-based com- 
munications and 
protocol controller, 
and a 56002 DSP 
with separate on- 
chip DSP program 
and data RAMs, 
controller data 
RAM, and a PCMCIA 
interface. Multiple 
DSP channels sup- 
ported via a syn- 
chronous serial in- 
terface or external 
DSP parallel bus. 
Requires external 
codec and DAA for 
line interface. 


Features/ 
Architecture Comments Packaging 


$64.95 
10K lots 
Available 
4th Q. 
1994 


On-chip PCMCIA in- 
terface. Low-power, 
5-V and 3.3-V oper- 
ation. On-chip mem- 
ory eliminates exter- 
nal RAM from many 
applications. Manu- 
facturer and third- 
party software avail- 
able to support mo- 
dem protocols to 
V.34 and fax proto- 
cols to V.17 plus AT 
command set, MNP- 
10 error correction 
and other functions. 
A variant chip called 
68356M will be pro- 
duced with on-chip 
V.34 modem firm- 
ware. 


357p BGA 
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From PBX fe to 
~ advanced fault tolerance, 
VMEmodules are the 
talk of the telecommunications 
industry. 








_ Motorola VMEmodules are 

an automatic choice 

to streamline a wide range of 
manufacturing 

control applications. 


Motorola VMEmodules 
process the commands 
that make aircraft 

simulators fly. j 


Motorola VMEmodules 
are helping 

make high-tech, high-quality 

medical imaging picture perfect. 

















Motorola VMEmodules keep systems 
on cruise ships sailing. 





Our VMEmodules are 
used in electronic prepress 
to keep it fast, 
cost-effective, and letter-perfect. 


What Would You Like Your 
VME Board To Be Today? 


The MotorolaVME family of | And that’s just one module. 


products are incredibly ver- 
satile. In fact, one of our 


VMEmodules can fulfill an asaiay z 


array of functions, yet it fills * 
only one VME slot. VMEmod- 
ules give you more functionality 
per square inch, and more 
functions per module. For less 
overall cost than modules you 
could build yourself. 


We Work For You. 


Typical VMEmodule™func- 
tions include a basic compute 
engine, network interface, mass 
storage interlace, parallel port 


interface, serial device interface, 


VMEbus interface, non-volatile 
data storage, and various timers. 










We want to be your 

. VME partners, and offer 
you exacting standards, 
fast turn-around times, and 
a wide range of options. The 
options you choose will be deliv- 
ered to you in modules that 
snap onto your board or VME 
backplane. These modules are 
compatible with thousands of 
ready-to-use software pro- 
grams. Start with the functions 
you need now, and add mod- 
ules as needed later. 


How Much Is Quality 
Worth? 


When you buy your VME- 
modules from Motorola, you 


know youre buying quality, but 
youll be surprised how atford- 
able quality can be. We test our 
modules to exacting tolerances, 
and we back our boards with 
the industrys first Five-Year 
Warranty. Give us a call and let 
us know what you need your 
VME board to be tone We'll 
show YOU WHY  jggpigicsigmmes 

ours will be a 
better value, 
day in and day out. 





Motorola VMEmodules give you more 
functionality per square inch, 
and are compatible with thousands 
of software programs. 


For More Information Contact Your 
Local Motorola Sales Office. 








© Copyright 1994 Motorola, Inc. Motorola and the Motorola logo are registered trademarks of Motorola, Inc. “Because The Game Has Changed” and 
VMEmodule are trademarks of Motorola, Inc. All other products mentioned are trademarks or registered trademarks of their respective holders. 
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Rockwell Telecom- 
munications 

4311 Jamboree Rd. 

P.O. Box C 

Newport Beach, CA 

92658-8902 

(714) 833-4600 








Zilog Inc. 


Campbell, CA 95008- 
6600 

(408) 370-8000 

Fax (408) 370-8056 


210 East Hacienda Ave. 
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RC288Ci/VFC and 
RC244Ci/VFC Data/ 
Fax Modem Chip Sets 


Z80182V.34Modem S$ S § 
Controller Chip 


TE LECTRONIC 
AUGUST 22, 1994 


S 









Voice Storage / 





16550 UART Emul. 
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Modes 





Y * NVC Y ¥ ¥ ¥_=_é No Voice storage 


Voice Over Data 






2- or 3-chip set con- 


mode. / No voice- sisting of a control- 


over-data mode. 


ler, data pump, and 
optional compres- 
sion/expansion pro- 
cessor. Serial and 
parallel user inter- 
faces. NVRAM inter- 
face for parameter 
and table storage. 





S S S$ S _ Y_ Softwarerequired Single-chip control- 


for voice storage 
mode. / N/A 


ler designed to drive 
standard data 
pumps (e.g. AT&T, 
Rockwell). Performs 
host interface, AT 
command set, data 
compression, error 
detect/correct, and 
flow control. Two 
DMA channels, seri- 
al and parallel host 
interfaces. 
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V.34 version antici- PLCC $72-$123 
pated soon. V.FC 10K lots 
mode provides 28.8 

kbit/s performance 






but is not fully V.34 
compliant. World- 
class option sup- 
ports multiple proto- 
cols, backlists, and 
filter parameters. 
Optional MNP-10 er- 
ror correction for 
cellular and low- 
quality line applica- 
tions. Hayes Auto- 
Sync option. Sup- 
ports Hayes extend- 
ed AT command set. 
Proprietary RC288/ 
240DPi modem data 
pumps available 
separately for use 
with other OEM con- 
trollers 



























$13.83 
$14.36 
10K lots 


QFP or 
VQFP 


Third-party software 
available for appli- 
cations through V.34 
data and V.17 fax. 
Downloadable RAM 
architecture allows 
use of slow ROMs 
and permits easy 
software upgrades. 
Optional 86017 chip 
provides direct 
PCMCIA interface. 
3.3-V and 5-V oper- 
ation. 


















Most chips support the RS-282 serial 
communication protocol, while oth- 
ers can handle more sophisticated 
formats like high-level data-link con- 
trol (HDLC). 

For bus-oriented systems, one of 
the most common ways to transport 
data is to make the modem’s data and 
control interface emulate the paral- 
lel port of a 16550 modem chip. This 
provides a well-defined interface 
that almost any processor can use. If 
a modem has access to the host com- 
puter’s data bus, it may use a DMA 
scheme to boost system throughput 


Peripheral bus 


Serial 
communication 
channels 


Peripheral bus 


Program bus 
Y data bus 
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while lowering host-computer pro- 
cessing requirements. 

For portable applications, 
PCMCIA is becoming the interface 
of choice because of its compact con- 
nector size and ability to interoper- 
ate with any other PCMCIA-capable 
device. Several manufacturers (such 
as AT&T and Cirrus Logic) offer 
chips with a built-in direct PCMCIA 
interface, but virtually any modem 
device can be interfaced using a low- 
cost PCMCIA bus adapter chip. 

Two other functions will common- 
ly show up on modem data sheets 


ST ee eee, 


On-chip 





4, THE COMPLEX ARCHITECTURE of the Motorola Mc68356 signal- 


processing engine provides sufficient processing capability and I/O capacity to support all 
of the functions required for a high-speed modem on one chip. The DSP system-on-a-chip 
includes three processors, RAM, ROM, serial and parallel interfaces, several timers, and 


multiple DMA channels. 
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that can baffle the uninitiated. The 
“autobaud” feature is a standard 
part of V.32 and V.34 operation that 
allows two modems to negotiate a 
data rate based on their highest com- 
mon speed and the condition of the 
telephone lines. Autobaud also sup- 
ports rate renegotiation whereby the 
modems can adjust their speeds on- 
the-fly as line conditions improve or 
degrade. 

The Hayes Auto-sync function 
isn’t part of the V.32/34 function, 
but it’s offered as an option on many 
modem chip sets. When invoked, 
Auto-sync turns the normally asyn- 
chronous modem data stream into a 
synchronous link by adding synchro- 
nization protocol-control characters 
and filler bits to maintain a constant 
bit rate. This is particularly useful 
when communicating with main- 
frame-computer systems that are ac- 
customed to talking with synchro- 
nous terminals. Since this is a propri- 
etary communication algorithm, it 
will be licensed to the chip maker for 
a fee that’s passed on as a nominal 
charge per chip for the option. 


STANDARDS COMPLIANCE 


When designing equipment for 
overseas markets, one must be com- 
pliant with the communications stan- 
dards set by the telephone systems 
of the target country. These specifi- 
cations usually involve the line im- 
pedances, signal levels, and signal- 
ing conventions that are unique to 
the country. Several countries at- 
tempt to protect their subscribers 
from harassment by limiting the 
number of times a device can at- 
tempt to dial a single number within 
a given period. This is known as 
“blackout” coding. While most mo- 
dems will require a physical compo- 
nent change in their analog interface 
section to meet foreign impedance 
specifications, software-driven chip 
sets will be able to meet blackout and 
signal-level requirements with sim- 
ple software changes. 

Although much delayed, ISDN 
telephone services are beginning to 
become a real presence in some ar- 
eas. Most likely, they will gain a 
strong foothold in the telecom mar- 
ket for businesses that are too large 
for a simple telephone system and 
too small for a T1/T3 subscriber ser- 
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IDE Connector 


Up to 128Mb of 
DRAM Onboard 


vice. Larger businesses also may 
benefit from ISDN’s ability to per- 
form complex call and service setup 
by using its signaling capabilities to 
communicate directly with the tele- 
phone company’s switching system. 
Anticipating this, Phylon created a 
chip that’s capable of communicat- 
ing directly with an ISDN B-channel. 
Expect to see more companies offer- 
ing this in the future. 


VoIcE/SOUND FUNCTIONS 


Given the powerful processing ca- 
pabilities available in today’s modem 
chip sets, it’s a shame to see all of 
that computing horsepower go to 
waste except when we want to go on- 
line. In addition to the previously 
mentioned fax functions, more and 
more manufacturers are using the 
DSP engines inside their chips to pro- 
cess voice signals for a wide variety 
of applications. The most obvious 
use of this capability is an answer- 
ing-machine function, using either 
it’s own memory or sharing the host 
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system’s RAM or disk for voice stor- 
age. 

With a powerful, software-defin- 
able DSP system on the mother- 
board of a computer, the potential 
applications are only limited by the 
imagination of the designer. Using 
such voice-processing capabilities to 
create a high-quality speaker tele- 
phone function is another feature 
commonly found in many modem 
chip sets. At least one manufacturer 
(Cirrus Logic) even offers a version 
of its DSP-based data pump to emu- 
late sound-card functions. 

The computer’s hard drive can 
store many minutes of compressed 
voice data in a single megabyte while 
operation and playback can be con- 
trolled from a “soft” panel presented 
on the display screen. Many vendors 
offer code that turns their chip into a 
GSM-standard answering machine 
as part of their controller and DSP 
software. Extra software can be 
added to allow remote control via 
touch tones. Further modifications 


Parallel Port 
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would allow the same modem chip 
set to function as a voice-mail server 
for a small office. 

The higher speed of today’s mo- 
dems offers the possibility of taking 
a portion of the bit stream and allo- 
cating it as a second channel for 
transmission of compressed digital 
voice data. Voice-ever-data commu- 
nications is still in its infancy, but the 
possibilities it offers are very excit- 
ing. A teleconference could employ a 
single line to carry voice at the same 
time that faxes were being passed 
between sites. Another scenario 
might involve a telephone conversa- 
tion held between two engineers 
while data was passed between their 
computers and displayed on their 
screens as they talk. 

If this catches on, who knows what 
the next generation of video games 
will look like? Perhaps people in dif- 
ferent parts of the country will com- 
pete with each other in a common vir- 
tual landscape via conferenced mo- 
dem hook-ups while they hurl 
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Powermeter 2.0 MIPS at 50MHz DX/2 - 20.17 


Powermeter 2.0 MIPS at 66MHz DX/2 - 29.75 High Performance 
Intel 80486 





Real Time Clock 
w/Battery Backup 


1Mb Video Memory 





2 ee ———E 
“ —_e — 








a es 
HIGH-SPEED MODEMS 








threats and insults at each other. 

Though a number of modem chip 
sets offer some version of simulta- 
neous voice/data, no standard for- 
mat exists at the moment. This 
means that both ends of a telephone 
line must have the same chip set at- 
tached to use the simultaneous 
voice/data function. The Telecom- 
munication Industry Association’s 
TR30.1 Committee is currently re- 
viewing existing simultaneous 
voice/data technologies and is try- 
ing to develop recommendations for 
industry guidelines on the proper 
protocols. 

One of the most promising simul- 
taneous voice/data techniques on 
the market is the SingleCall protocol 
created by Phylon, Fremont, Calif., 
which is currently implemented in its 
PHY2111 modems. Phylon’s ap- 
proach is to digitize and compress 
the audio at the source and interlace 
the packets within the main bit 
stream using time-division multi- 
plexing. Because voice contains long 


pauses and variable spectral con- 
tent, it would be a waste to allocate a 
fixed bit rate to the audio channel. 
Instead, Phylon’s system lets the 
data channel take advantage of the 
pauses and other gaps in the audio 
channel by dynamically varying it’s 
bit rate between 4.8 to 19.2 kbits/s. 

It should be noted that this dual- 
channel system isn’t limited simply 
to carrying voice data. Once a second 
path is established, it can be used to 
carry any type of digital informa- 
tion, such as MIDI-channel sound- 
synthesis data, video information, or 
even sensor data and control signals 
for robotic functions. 


SOFT UPGRADES AHEAD 


Those who are forced by market 
pressures to commit to a particular 
simultaneous voice/data technology 
before a standard is established 
needn’t worry. Since most of the new 
modem chips use software-driven 
controllers and DSP circuits, it may 
be quite easy to upgrade existing 





equipment to support a common si- 
multaneous voice/data scheme with 
a software change. 

The same “soft’’ solution will 
probably be used to support early im- 
plementers of V.384 technology. The 
final draft of the protocol was only 
recently firmed up, therefore only 
AT&T is shipping a completely com- 
pliant chip set. Even with this final 
version, it will take some time for all 
manufacturers to sort out the subtle- 
ties of the V.384 standard and become 
fully interoperable with all vendors. 
Fortunately, the reprogrammable, 
software-driven technologies that 
enable this generation of communi- 
cation devices will also enable their 
users to keep their equipment up-to- 
date in a world of rapidly evolving 
standards. 
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YOU DON’T HAVE 





TO BE 





TO KNOW WHO TO CALL 
FOR MULTICHIP MODULES. 


lf Alexander Graham Bell needed MCMs built 
to his specs, he’d call Raytheon. Because our 


Multichio Modules are the perfect choice for 


high-end commercial applications. 

You'll find Raytheon high-reliability 
microelectronics in cardiac implants, 
satellite Communications systems, 
ground-based radar systems and 
advanced transportation systems. 
No wonder designers choose 


High-density MCM-D (2.05 in. x 2.18 in 


application demands higher circuit density, 
greater speed and functionality than traditional 
technologies, why settle for less than a 
Raytheon MCM’? 

Best of all, Raytheon know-how 
is right at your fingertios. We're only a 
phone call away. So use Bell's inven- 
tion to put Raytheon’s ingenuity to 
work for you. It could be the smartest 
call you ever make. 


Raytheon MCMs: we give you total supports up to 100 MHz clock frequency. Call (617) 984-4104 or FAX 


systems solutions in a single package. And 
we can build MCM-D, MCM-C, MCM-C/D 
or MCM-L using off-the shelf die or ASICs. So 
when your digital, microwave or mixed signal 


(617) 984-8515 or write for technical 
support and applications assistance: 
Raytheon Company, Quincy Operation, 
465 Centre St., Quincy, MA 02169. 


WE THRIVE ON CHALLENGES 
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COVER FEATURE 


VERTICAL INTEGRATION OF SILICON 
ALLOWS PACKAGING OF EXTREMELY DENSE 
SYSTEM MEMORY IN TINY VOLUMES. 


MEMORY-CHIP STACKS 





SEND DENSITY SKYWARD 


DAVID MALINIAK 


any aspects of board de- 
sign, such as timing, ther- 
mal issues, and manufac- 
turability, require innova- 
tive thinking. But if 
there’s one aspect of board 
design that’s relatively predictable, it’s the 
layout, which is done in the X and Y dimen- 
sions. Chips are, almost without exception, 
placed side by side in some arrangement, 
even if the board is double-sided or flexible. 

This constant of board design, however, is 
the great limiter of a board’s packaging den- 
sity. And nowhere is this limitation more glar- 
ing than in the layout of system memory, 
where row upon row of DRAMs sprawl 
across vast expanses of pe board like some 
silicon suburban development. 

But the push is on to shrink systems, and 
the traditional layout concepts are becoming 
an extravagance. Over the years, there have 
been a number of attempts at exploiting the 
third dimension in board layout. Chips have 
been stood on their edges and sandwiched to- 
gether and there have been attempts at stack- 
ing them vertically. But until now, such 
schemes have been either too expensive or 
the yields have been poor. In some cases, the 
density achieved wasn’t worth the effort. 

With the development of its technology for 
vertical integration of memory wafers, wafer 
segments, and individual die, Cubic Memory 
Inc. (CMI), Scotts Valley, Calif., has shat- 
tered the density barrier (F12g. 1). Instead of 
the 40-to-80-Mbyte/in.’ storage densities pos- 
sible with conventional packaging—using 16- 
Mbit memories in small-outline J-lead pack- 
ages (SOJs) or two-sided thin small-outline 
packages (TSOPs)—CMI claims the ability to 
achieve densities of a gigabyte or more per 
cubic inch. 





Stacking memory ICs vertically has other 
benefits besides the density gains. The close 
physical proximity of the chips significantly 
reduces the system delay associated with in- 
terconnect capacitance and pc-board trace 
length. Speed is increased while power re- 
quirements and operating temperatures are 
reduced compared with horizontal layouts. 
CMI has leveraged its chip-stacking tech- 
nology into an initial pair of product families. 
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One takes advantage of the 
PCMCIA-card format for adding 
workstation-quantity memory to 


Pentium-based portables, 
while the other works with- 
in the DRAM SIMM format. 
Both merely hint at the tech- 
nology’s potential, which is 
not necessarily limited to 
stacking of memory alone. 

There are actually three 
separate technologies for 
vertical integration, each of 
which is suitable for differ- 
ent applications. The three 
processes are referred to as 
the large-hole process, the 
small-hole process, and the 
Vertical Interconnect Pro- 
cess (VIP). Common to each 
process is a vertical silicon 
interconnect and a patented 
compliant interconnect 
scheme. 

The first two processes, 
known as the large- and 
small-hole processes, use a 
patented, pyramid-shaped 
via through the silicon (Fig. 
2). The small opening on the 
top of the pyramid pene- 
trates on the circuit side and 
the large opening comes 
through the back side of the 
silicon, where the intercon- 
nect makes contact with a 
number of circuit elements 
on the silicon immediately 
below. This interconnect 
method takes up no space, 
as all pins fan out under the 
silicon stack instead of tak- 
ing up large areas around 
the perimeter of the active 
silicon, as is done with con- 
ventional packaging. In ad- 
dition, this method allows 
the individual circuit ele- 
ments to be easily isolated 
for testing up until the final 
stack assembly. 

The VIP process is a less 
expensive extension of the 
small-hole process and does 
not require the pyramid- 
shaped via through the sili- 
con. Instead, gold intercon- 
nect traces and vertical-in- 
terconnect pads are deposit- 
ed over insulating layers of 
polyimide. The gold traces 
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non-oxidizing metal surface for the 
layer-to-layer interconnections. 

Whole wafers, segments of wa- 
fers, or individual die can be 
stacked. In addition, multi- 
ple silicon technologies can 
be mixed in the same stack 
(Fig. 3). Other components 
can be placed on top of the 
silicon stack as well. 

For the small-hole and 
VIP processes, standard 
wafers can be used without 
need for any custom silicon. 
Individual chips can be se- 
lected by the control circuit- 
ry. The vertical chip-to-chip 
distance is variable from 
0.008 to 0.010 in., depending 
on the application and densi- 
ty required. 

The vertically integrated 
stacks are attached directly 
to pe boards. Tests on whole 
wafers and wafer segments 
have shown a 15% reduction 
in power consumption and a 
20°C lower continuous oper- 
ating temperature when 
compared to identical cir- 
cuits operating in conven- 
tional plastic packages. 

Originally, the large-hole 
process was developed to al- 
_ low stacking of complete 6- 
| in. DRAM wafers. The pyra- 
| mid-shaped holes are filled 
with a mesh of fine gold- 
plated wire. The wires form 
| a mushroom shape on the 
| circuit side of the wafer, and 
the other ends of the wire 
are compressed and con- 
tained in the pyramid base. 
When the wire-filled base of 
the pyramid of one wafer is 
brought into contact with 
the top of another wafer, the 
mushroom-shaped “fuzz 
button” is captured by the 
base of the pyramid. All of 
the wires are then contained 
and a compressive gold-to- 
gold contact is formed be- 
! tween the circuit elements 

of both wafers. The result is 

a very reliable, fully compli- 

ant, reworkable intercon- 
nect that supports intercon- 
nections in both the horizon- 
tal and vertical directions. 


provide horizontal interconnection 
of the die on a single layer or seg- 
ment, and the gold pads provide a 


1. INSTEAD OF THE 40-+t0-80-Mbyte/in.? storage densities 


possible with conventional packaging (using 16-Mbit memories in 
SOJs or two-sided TSOPs), Cubic Memory Inc. (CMI) claims the 
ability to achieve densities of a gigabyte or more per cubic inch. 






















2. BOTH THE smalt and large-hole processes use a pyramid- 
shaped via through the silicon to make the vertical 
interconnections. The small opening on the top of the pyramid 
penetrates on the circuit side and the large opening comes through 
the back side of the silicon, where the interconnect makes contact 
with a number of circuit elements on the silicon immediately below. 
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eed the speed and writability of an 
NV SRAM for your portable? Good news. The 
world’s leader in nonvolatile technology now 
makes a 3-volt NV SRAM module for 
low-power applications. Like all of our 
nonvolatile products, the DS17xx Partitionable 
NV SRAMs safeguard data when the power 
goes out of specification. And they retain 
information over 10 years in the absence of 
external power. 


Write cycles are as fast as reads—a mere 150ns 


Unlimited writes for applications that require 
frequent updating 


Write cycles address one byte at a time, just like 


reads; no need to erase a whole block and then 
write it over 


S1730 LPN 
_ PARTITIONABLE 
aN NN SRAM 


7 etett 
5b bj bbb 


Partitioning divides the available memory 
into 16 equal-sized partitions. Each can be 
reconfigured at any time to act like RAM 


or ROM. 
Store code and data in the same chip. 


One NV SRAM module can replace multiple 
types of memory: ROM, EEPROM, Flash, 
and SRAM. 


Reduce component count to free up valuable 
PCB space and lower assembly costs. 


Partitioning protects critical data against 
overwrites. 








3-Volt 










Modules Equivalents 
DS1750 fe DS1650 512K x 8 hte 
NV SRAM 
[> AT i AS short-form brochure! 
SEMICONDUCTOR 


5-Volt 


Density 
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The “fuzz-button” inter- [7-77 


connect does, however, re- 
quire a custom mask set. 
And the holes are large by 
semiconductor standards 
150 um at the top and 1000 
um at the base. This inter- 
connect technology is still 
used in some applications. 
The small-hole process 
was developed as a refine- 
ment of the large-hole, 
“fuzz-button” technology to 
allow interconnects on stan- 
dard semiconductor-die 
bonding pads without the 
need for a specialized struc- 
ture. In this method, off-the- 
shelf memory wafers can be 





used without the need for the semi- 
conductor manufacturer to run a 


custom mask set. 


In this case, the hole-making pro- 








3. WHOLE WAFERS, segments of wafers, or individual 


the silicon stack as well. 


cess is Similar to the fuzz-button pro- 
cess, but the dimensions change. The 
wafers are thinned and the holes are 
small enough (25 pm on top, 120 wm 


PUTTING MEMORY STACKS TO WORK 
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die can be stacked. In addition, multiple silicon technologies can be 
mixed in the same stack. Other components can be placed on top of 


on bottom) so that the verti- 
cal interconnect is accom- 
plished within a bond-pad 
area and on conventional 
bond-pad pitches. 

The small-hole process in- 
corporates one level of dis- 
cretionary wiring for every 
layer of silicon in the stack. 
Each die also has the neces- 
sary control _ signals 
brought out so that the con- 
trol circuitry can address 
each chip uniquely. 

Silver-filled epoxies are 
used for the compliant con- 
ductive material. These 
proven materials are the 
same ones that have been 


used for years by semiconductor 
manufacturers as a die-attach medi- 
um. CMI has developed a proprietary 
application method for the dispens- 
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Nyquist 


2 Mhz 
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The LTC1278: 12-Bits, 500ksps, single supply and shutdown. 
The perfect fit. 


Linear Technology brings you 
the LTC1278, the perfect fit for 
your high speed data acquisition 
application. Fully specified for 
dynamic and static applications, 
the LTC1278 offers true 12-Bit 
performance while reducing your 
power and cost budgets. 

Get Better Performance. 
Outstanding AC performance includes 70dB S/(N+D) and 
77dB THD at Nyquist. The wide bandwidth Sample and Hold 
allows signals as fast as 1MHz to be under sampled with 
remarkable spectral purity. 

This complete new 500ksps 12-Bit ADC combines the 
best in DC performance - No missing codes and +1 LSB lin- 
earity is guaranteed, meeting the most stringent of design 
requirements. 

Save Power. At 75mW, our power 
drain is as low as you'll find. In addition, 
our power shutdown with instant wake- 
up will allow you to save even more. 





DEVICE SAMPLE 
TYPE RATE 







| LTC1275/76 | 275/76 


*power down mode 





S/(N + D) 
@ NYQUIST 


Tacit [es [sr fl 


70dB 


| 300Ksps _ [sits | rogp_|_25v_| _roni_1t 


LTC1278 75mW 
or sy 5mW* 

LTC1282 140ksps 68dB 12mW 
or or 





Simplify Your Board. 
Unipolar and bipolar modes make 
things simple. Convert 0 to 5V 
from a single 5V supply or £2.5V 
from +5V supplies. 

The flexible parallel interface 
is a perfect match for your DSP, 
FIFO or processor. The LTC1278 
features on board S&H, reference 
and clock. This single chip ADC will give you the smallest 
footprint available. 

Save Money. Because it’s complete, there’s nothing else 
to buy. And prices are very attractive, $12.85 for 24-pin SO 
package in 1000 pc quantities. 

Look to Linear Technology for your high speed data 
acquisition needs. We offer the best performance, power and 
cost. For more details, contact Linear Technology Corporation, 


| | n 1630 McCarthy Blvd., Milpitas, CA 95035/ 


408-432-1900. For literature only, 
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call 1-800-4-LINEAR. 


FROM YOUR MIND TO YOUR MARKET 
AND EVERYTHING IN BETWEEN. 
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ing and application of these epoxies 
for connection in both the horizontal 


and vertical dimensions. 


Taking the process a step further, 


the VIP process makes 
high-volume automation a 
part of the manufacturing 
cycle. It’s also the lowest- 
cost method, because it uses 
a subset of the steps used in 
the small-hole process and 
does not require the pyra- 
mid-shaped hole through 
the silicon. The VIP process 
is suitable for stacking die 
and wafer segments that do 
not have a large number of 
interconnects to outside log- 
ic. It is not suitable, howev- 
er, for stacking whole wa- 
fers. 

In the VIP process, gold 
traces and vertical-intercon- 
nect pads are deposited over 
insulating layers of polyi- 
mide. Then, the wafers are 
thinned and sawed into seg- 
ments. The segments’ edges 
are beveled to allow vertical 
interconnection (F7%g. 4). The 
gold traces provide horizon- 
tal interconnection of the die 
on a single layer or segment 
and provide layer- or seg- 
ment-specific memory-ad- 
dress decoding capability. 


Pins that are parallelable . : 


are connected that way, 


which results in a reduction | 


of pin count per layer of 
about 4:1. If the resulting 
stack has ten layers, the 
overall reduction in pin 
count is about 40:1. The gold 
bonding pads are exposed at 
the sides of the segments 
thanks to the 45° bevel cut 
and are used for the layer- 
to-layer connections. 

A conductive silver-filled 
epoxy is used for both physi- 
cal and electrical connection 
of the layers. The same con- 
ductive epoxy is used to con- 
nect the stack to the pe 
board. The stack is then en- 
capsulated with a casting 
resin to provide protection 
and mechanical durability. 
The resin also provides 
some degree of thermal con- 








To leverage its chip-stacking tech- 
nology into products that are usable 
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5. IN BOTH THE 88-pin JEDEC module and the SIMM 
memory stacks are not mounted to the card’s internal pc board as 
such. Rather, they are “floated” inside holes that go through the 
board and attached at their periphery by means of beam-style leads 
consisting of conductive epoxy. They are then glob-top- 
encapsulated on the reverse side to provide stability. 


ductivity to enhance dissipation of | today, CMI is offering two forms of 
heat from the stack. 


memory modules for expansion of 





4. IN THE VIP PROCESS , gold traces and bonding pads 


are deposited over insulating layers of polyimide. Then, the wafers 
are thinned and their edges beveled to allow vertical 
interconnection. The gold traces provide horizontal 
interconnection of die on a single layer or segment and provide 
layer- or Segment-specific memory-address decode capability. 





———— 
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portable-system memory. One is the 
3DMemory family of 88-pin JEDEC 


memory modules in capaci- 
ties of 16, 32, 64, and 128 
Mbytes. These are targeted 
for use in portables with a 
Type I PCMCIA slot, and 
are especially meant for 
Pentium-based portables 
that are expected to be able 
to address 64 Mbytes of sys- 
tem memory or more by this 
fall’s Comdex show. 

In this implementation of 
the technology, a glimmer 
of its potential impact comes 
into focus. For manufactur- 
ers using conventional tech- 
nologies, volumetric space 
requirements limit portable 
add-in memory cards to one 
double-sided pe board using 
TSOP packages. Typically, 
only 16 to 18 ICs will fit into 
the available space, so to re- 
alize the maximum 16 
Mbytes of storage, the man- 
ufacturer must use costly 
16-Mbit DRAMs. Here’s 
where the vertical-integra- 
tion technology comes in. 
With it, memory cards are 
built using the most cost-ef- 
fective DRAMs available. 
The 16-Mbyte card contains 
two stacks of four layers 
each. Each 2-Mbyte layer is 
made up of four 4-Mbit 
DRAM die. The 32-Mbyte 
card increases the two 
stacks to eight layers each. 
This produces a 16-Mbit 
module with a 82-bit word. 


Up to 128 Mbytes is easily 

accommodated within the 

-PCMCIA Type I form fac- 
tor. 


For memory-card manu- 


_ facturers using convention- 


al packaging technologies, 
the volumetric space re- 





quirements limit the cards 
_ to one double-sided pe board 


using TSOPs. Only 16 to 18 
memory chips fit into the 
available space, so to realize 
the maximum 16 Mbytes of 
storage, the manufacturer 
must use costly 16-Mbit 


he 
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DRAMs. In contrast, CMI’s vertical 
integration technique offers its in- 
herent density advantages and en- 
ables cards with capacities of 16 
Mbytes and more to be built using 4- 
or 16-Mbit DRAMs. 

An interesting note on the con- 
struction of the cards is that the 
memory stacks are not mounted to 
the card’s internal pc board as such. 
Rather, they are “floated” inside 
holes that go through the board and 
attached at their periphery by means 
of beam-style leads consisting of 
conductive epoxy. (F7g. 5). 

For adding system memory to 
workstations and servers, CMI is of- 
fering a line of 3DMemory 64- and 
128-Mbyte DRAM SIMMs. Previous- 
ly, the maximum density of standard 
72-pin SIMMs has been 32 Mbytes 
(see “Putting memory stacks to 
work,’ p. 57). 

The 64-Mbyte SIMMs are made 
from eight layers of 8-Mbyte wafer 
segments (each made from four 16- 
Mbit DRAM die) plus a four-layer 
stack of 16-Mbit die for parity. The 
128-Mbyte SIMMs will use 16 8- 
MByte layers, plus an eight-layer 
stack of 16-Mbit die for parity. The 
memory organization is 16 Mbytes 
by 86 bits for the 64-Mbyte SIMM 
and 82 Mbytes by 36 bits for the 128- 
Mbyte version.L1 


PRICE AND AVAILABILITY 

The 3DMemory 88-pin JEDEC memory 
modules will be sold to OEMs as well as 
through the reseller channel to end users. 
The 16-Mbyte modules are scheduled to 
ship in September, and at today’s memory 
prices will have a suggested price of $996. 
The 32-, 64-, and 128-Mbyte versions will be 
available during the fourth quarter and 
pricing is projected at $1995, $3995, and 
$7995 each, respectively. 

The 3DMemory 72-pin SIMMs will ini- 
tially be sold only to OEMs. At today’s 
memory prices, the 64-Mbyte SIMMs will 
cost $3999 in sample lots and $3599 in 
quantities of 1000. The 128-Mbyte SIMMs 
will sell for $7999 (samples) and $7199 (pro- 
duction quantities). Samples are avail- 
able now and production quantities will 
be available during the fourth quarter. 

Cubic Memory Inc., 27 Janis Way, Scotts 
Valley, CA 95066; (408) 438-1887; fax (408) 
438-1890. CIRCLE 512 


How VALUABLE? CIRCLE 


HIGHLY 533 


MODERATELY 584 
SLIGHTLY 535 
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"Surely, 
we have a better option than these!" 
Yes, you do. 


Turn your excess inventory into a 
tax break and help send needy 
kids to college. 


Call for your free guide to learn how 


donating your slow moving inventory can 
mean a generous tax write off for your company. 


Call (708) 690-0010 






Fax (708) 690-0565 


Excess inventory today....student opportunity tomorrow 
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eee Lees up. Please put your DSP design tools down NOW. ~” 
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For DSP designers, the market is a strict disciplinarian. If you miss your 
schedule, you flunk. Perhaps permanently. But you can meet the test if you use 
MENTOR GRAPHICS’ DSP STATION. Because unlike the competition, 
it gives you a fully integrated concept-to-silicon DSP design process. Plus the 
industry’s only TRUE ARCHITECTURAL SYNTHESIS tools. A combination 
that not only enables what-if analysis, but also automates implementation in- 
cluding software/hardware co-design for embedded cores. As a result, the DSP 
Station design system can TRIM YOUR DESIGN CYCLE 25 TO 30% right 
away, SO you can take your place at the head of the class. Call Mentor Graphics 
today at 1-800-547-3000 Dept. 326 or 1-503-685-8000 for more information. 


4. J 
Y6u may turn the page, now. 





STOP 


We mean business. DO NOT 
TURN PAGE 
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DESIGN APPLICATIONS 


BUILD A POWERFUL 
HOST-DSP INTERFACE 


DUAL-PORT 
MEMORY 
COMBINES THE 
EASE AND COST 
Or FIFOs 
WITH THE 
DATAPATH 
CAPABILITY 

OF CUSTOM 
HARDWARE. 


in the faster processor. 
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1. DUAL-PORT MEMORY SEMAPHORE-fag clash 
can occur when a faster processor responds before the slower 
processor finishes its initial write cycle. This can be avoided by 


adding wait states or strategically resequencing the I/O instructions 


igital signal proc- 
essors (DSPs) are 
built to- perform 
signal-processing 
functions. Voice 
signal-processing 
functions, such as modems, sound 
cards, speech compressors, and cellu- 
lar telephones already use DSPs. Ad- 
vanced signal-processing functions, 
such as image compression, speech 
recognition, optical character recog- 
nition and video conferencing will be- 
come commonplace as DSPs become 
more powerful and less expensive. 

Whenever these signal-processing 
functions need to communicate with a 
host processor, interface hardware 
needs to be placed between the DSP 
and the host processor. The design 
complexity and cost of this interface 
hardware is usually more than that of 
the DSP itself. 

High-volume DSP applications, 
such as modems and sound cards, in- 
tegrate the interface hardware into an 

~ ASIC.  Lower- 
volume and gen- 
eral-purpose 
DSP applica- 
tions, though, 
can’t justify the 
cost of custom 
hardware. These 
applications fre- 
, quently use ex- 
| pensive discrete 
hardware _ solu- 
tions or inexpen- 
sive serial ports 
and FIFOs. 

Unfortunately, 
for most applica- 
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tions, serial ports and FIFOs create 
unacceptable software complexity 
when the host-DSP interface requires 
several paths of information. A typical 
host-DSP interface, for example, may 
require a primary datapath, a diag- 
nostics datapath, and a control/status 
datapath. 

A new design technique using a 
dual-port memory combines the de- 
sign ease and low cost of serial ports 
or FIFOs with the multi-datapath ca- 
pability found only in custom hard- 
ware (see “Vocal Technologies’ DSP 
solutions,” ». 80). The design tech- 
nique is based upon a dual-port mem- 
ory feature previously unrealized by 
the device’s manufacturers. Use of 
this design technique allows DSPs to 
be used in applications formerly en- 
joyed by only ASIC based high-vol- 
ume designs. 

Dual-port memories provide ran- 
dom access to a common memory 
through independent address and 
data lines. The dual-port memory con- 
cept has been around since the first 
computers. In 1983, Synertek intro- 
duced the first integrated dual-port 
memory IC (the SY2130 and SY2131). 
Volume production of dual-port mem- 
ory devices has since brought the once 
specialized IC in-line with commod- 
ity-part pricing. 

The industry standard architecture 
can be seen in devices from Cypress 
Semiconductor and Integrated De- 
vice Technology (IDT). Several other 
manufacturers, notably Advanced Mi- 
cro Devices (AMD), Motorola, and 
Dallas Semiconductor have dual-port 
memories with extended features. 
These features are often unnecessary. 


Vocal Technologies Ltd., Baird Research Park, 1576 Sweet Home Rd., 


Buffalo, NY 14228; (716) 688-4675. 
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The most common sizes for dual-port 
memories are either 1024-by-8 and 
2048-by-8, but much larger sizes are 
available. 

An important feature of standard 
dual-port memories is the interrupt 
capability. These devices have certain 
memory locations that are referred to 
as mailboxes. There is one mailbox for 
each direction of communication. The 
mailboxes are addressed as the top 
two memory locations of standard 
dual-port memories. For the Cypress 
CY7C130, a 1024-by-8 dual-port mem- 
ory, these addresses are at 7FEH and 
7F'F'H. When one processor writes to 
its mailbox, an interrupt is generated 
to the other processor. When the other 
processor reads that mailbox, the in- 
terrupt condition is cleared. Normally 
the contents of the mailbox indicates 
a command or response code. 

An exchange of information 
through dual-port memory mailboxes 
may occur as follows: 


1. Processor A writes several (or 
perhaps hundreds) of dual-port mem- 
ory locations with information bound 
for Processor B. 


2. Processor A then writes a com- 
mand byte into its mailbox, called 
Mailbox B, generating an interrupt to 
Processor B. 


3. Processor B, when interrupted, 
reads the command byte from Mail- 
box B. This read also clears the inter- 
rupt to Processor B. 


4. Processor B services the informa- 
tion in accordance to the received 
command byte. Processor B may, in 
part, write response information back 
to Processor A through the dual-port 
memory. 


d. Processor B writes a response 
byte into Mailbox A. The act of writ- 
ing to Mailbox A causes an interrupt 
to Processor A. 


6. Processor A then reads the re- 
sponse byte and any other informa- 
tion sent from Processor B. 


Notice all information essentially 
goes through one channel, the mailbox 
locations. The interrupt capabilities of 
standard dual-port memories provide 
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Host_Reset 


Dual-port 
ment 


General_Purpose_Input 


32k x 24 SRAM 





2. A HIGH-THROUGHPUT psp interface is implemented with low-cost dual-port 


memory. All of the required glue logic is contained within an inexpensive PLD. 


single-channel communication capa- 
bility. The potential multi-channel ca- 
pability of the dual-port memory us- 
ing this classic technique can’t be re- 
alized. 

Like interrupt-driven techniques, 
inter-processor communication can 
also be supported with polled tech- 
niques. In fact, in certain instances, 
polling is preferable to interrupts. 
This is often the case with DSPs be- 
cause they are frequently limited in 
their hardware-interrupt support. 
DSP software, due to real-time re- 
quirements, can often guarantee that 
a certain set of instructions are regu- 
larly executed. Installing polling rou- 
tines at either the start or end of these 
repetitive DSP routines will not de- 
crease the robustness of the commu- 


Host_Reset 


WR 
INT 
CS 





nication channel. Often interrupts can 
be used in conjunction with polling, as 
will be discussed later. 

Semaphore flags are a popular tech- 
nique for passing information be- 
tween two independent software 
processes. A typical semaphore ex- 
change is as follows: 


1. Processor A initially owns a block of 
memory. It writes into that block infor- 
mation that is bound to Processor B. 


2. Processor A sets the semaphore 
flag; Processor B now owns that block 
of memory. 


3. When Processor B sees the sema- 


phore flag set, it will service the infor- 
mation and potentially write more in- 


DSP_Reset 


DSP_Reset = Host_Reset + CS « INT * WR +(CS © RD © DSP_Reset) * DSP_Reset 


3. RESET and self-boot circuitry inside the PLD controls the ADSP-21xx boot mechanism. 
When the DSP’s reset is released, the ADSP-21xx automatically starts booting in code. 
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Harmonic Attenuator Module 
— Up to 600 Watts of Output Power 


M Booster Versions Available 

M@ Meets IEC 555 

M@ High Efficiency 

— Module Enable and Power OK 
M Size: 4.6'"L x 2.4"W x 0.5"H 


The pressure is on to wring more and more usable power Build new flexibility into your power system designs with 
from a standard AC outlet—safely and economically—and the VI-HAM module. Call today for details. 
to pack the necessary power processing capability into 


ever smaller spaces. 


Solution: the VI-HAM Harmonic Attenuator Module. Left: no power factor correction 
Right: power factor correction with the VI-HAM 


This component-level front end—in the industry standard 













package—provides unity power factor for line powered vin > Sevebty ae abt 
systems anywhere in the world. Vicor DC-DC converters wa oa 
and VI-HAM modules together create a universal input, 

off-line switching power supply for systems requiring from 
hundreds of watts to kilowatts of total power, with any _ 


number of outputs, from 1 to 95 VDC. 


Use VI-HAM modules with Vicor VI-26X 
(full size) or VI-J6X MiniMod™ DC-DC 
converters in booster expandable arrays to 
satisfy a wide range of power demands. And 
when your system has to meet international 
standards for EMI/RFI emissions, choose the Vicor 


filter that fits your need. 
VI-HAM 


Harmonic Attenuator Module 


Component Solutions For Your Power System 


Vicor Corporation, 23 Frontage Road, Andover, MA 01810 (508) 470-2900 or (800) 735-6200 
Vicor GmbH © Germany « Tel: +49-89-329-2763 » Fax: +49-89-329-2767 Vicor Far East © Taiwan « Tel: +886-2-9188240 » Fax: +886-2-9132982 
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formation into this block of memory. 


4, After Processor B completes its 
services, it will clear the semaphore 
flag. 


After this semaphore exchange, 
Processor A again owns the block of 
memory, and the cycle repeats. When 
semaphores require no special hard- 
ware, the number of semaphore chan- 
nels are limited only by available 
memory. 

Unfortunately, using semaphore 
techniques with dual-port memories is 
much trickier than with single-port 
memories. This is because with single- 
port memories, no more than one soft- 
ware process can read or write a par- 
ticular location at one time. However, 
this is not the case with processors com- 
municating through a standard dual- 
port memory. 

A problem arises because the logic 
internal to most dual-port memories 
provides a “blocking” feature when 
two processors attempt to access the 
same location. When this situation oc- 
curs, the later processor’s access will 
be blocked. Dual-port memories, such 
as the Cypress CY7C130, provide a 
Busy signal to both interfaces. When 
an access (read or write) by a proces- 


_ Se aa becomes a 


common rece: on PC mother- 


boards, complete modem software 
is increasingly required to coexist 
with other digital-signal-process- 
ing applications such as sound 
cards, image processing, and voice 
recognition. 


Furthermore, the complexity of 


the modem software itselfis growing. 
A modern data modem must imple- 
ment over ten International Telecom- 
munications Union (ITU-TS), for- 
merly CCITT, and Bell data/facsimile 
modulations, offering throughputs 
from 300 bps to 14,400 bps and be- 
yond. Among other requirements, 
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sor is blocked, the appropriate Busy 
signal to the processor is activated. 

When both processors access the 
dual-port memory simultaneously, it’s 
unclear as to which of the two proces- 
sors will be blocked. However, it’s al- 
ways guaranteed that one processor 
will succeed in its access, and the 
other will be blocked. The Busy is de- 
asserted when the winning processor 
finishes its access. The purpose of the 
Busy signal is to hold off the losing 
processor’s access. 

If both processors simultaneously 
attempt to read from the same dual- 
port memory location, one of the Busy 
signals will be asserted. However, 
both processors will still read the cor- 
rect value of the shared location. If 
both processors attempt to write to 
the same dual-port memory location, 
one of the Busy signals will be as- 
serted, and that processor’s write will 
be ignored while the other processor’s 
write will be successful. 

Two scenarios can occur if a proces- 
sor attempts to read from a dual-port 
memory location while the second 
processor attempts to write to the 
same dual-port memory location. If 
the write cycle is blocked, the read will 
be successful in returning the current 
value of the location. If the read cycle 


is blocked, the write will be successful. 
The value then returned by the 
blocked read cycle is unspecified. Fur- 
thermore, this value may be different 
than both the previous and the new 
contents of the location. 

For real designs, it’s usually unreal- 
istic to look at the Busy signal to de- 
termine if a memory-access cycle was 
successful. But there’s no way around 
this when using conventional dual- 
port memories like the CY7C130. 
However, a new design technique us- 
ing expansion dual-port memories cir- 
cumvents the need to look at the Busy 
signal. 

Expansion dual-port memories are 
required when dual-port memories 
are used on wider data buses. A single 
conventional dual-port memory pro- 
vides the shared location memory ar- 
bitration and Busy generation. All 
other dual-port memories on the same 
data bus have Busy inputs that are 
connected to the conventional dual- 
port memories’ Busy output. Expan- 
sion dual-port memories do not per- 
form arbitration, but rather accept ar- 
bitration signals. The novel feature of 
the CY7C140 expansion dual-port 
memory is its actions when both 
Busys are tied inactive. 

The CY7C130 conventional dual- 


| are scheduled to be vert 


ing/ control, facsimile command sets, 
and the standard AT command set. 
Future generations of modems will 
combine these functions onto the 
DSP as well. | 

Because the bulk of the host con- 
troller’s time is spent compressing 
and decompressing, as well as build- 
ing and tearing down error cor- 
rected packets, efficient dispatch is 
required to handle the _high- 
throughput data interfaces. The 
host controller ideally processes the 
data in interrupts. When an inter- 
rupt occurs from the DSP, all sema- 
phores are examined and the sema- 
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the ‘background. 


well character oe The incoming i 
and outgoing telephone line samples 
are at 7200 Hz (8000 Hz for digital 
lines). The main processing loop 
executes at this rate. It’s convenient 
to examine all semaphore flags once 
in this loop. If any require servicing, 
the corresponding event is sched- 
uled to occur. Because multiple 
channels can exist through the dual- 
port memory, this modem design is 
well suited for multitasking sys- 
tems. Multitasking is an important 
characteristic because next-genera- 
tion modem platforms are expected 
to support more than just modem 
applications. 








DES IGN 


port memory may block a write access 
when two processors are addressing a 
shared memory location. If the write 
represents asemaphore, then the sema- 
phore would be lost. When used in this 
configuration, the CY7C140 expansion 
dual-port memory, on the other hand, 
guarantees that the write will be suc- 
cessful. Of course the read data may be 
corrupted, but as will be shown, this 
doesn’t have to be a problem. 

The definition of the semaphore must 
be limited. A semaphore flag stored ina 
dual-port memory location is defined to 
be False when the contents are zero, 
and True when the contents are non- 
zero. Both processors must be pre- 
cluded from writing to the semaphore 
‘simultaneously. Furthermore, a proces- 
sor is only permitted to write to the 
semaphore address when it is either 
changing the semaphore from True to 
False, or from False to True. All other 
writes to the semaphore, including 
overwriting with the same value, are 
prohibited. Because both Busy inputs of 
the CY7C140 are tied inactive, writes 
are guaranteed to never be blocked. 
Reads will never be blocked as well. 
However, the values read may 
be corrupted if the read oc- 
curs simultaneous to a write. 

Due to the limited defini- 
tion of our semaphore flag, 
the corrupted read value will 
be interpreted as either a 
True or a False. The value of 
the semaphore flag at the in- 
stant of any corrupted read 
must have been changing 
either from True to False or 
from False to True by the 
other processor. Because the 
corrupted value always cor- 
responds to the correct value 
just prior to the write or just 
after the write, it’s unimpor- 
tant which value the sema- 
phore is interpreted as. 

It’s possible that one proc- 
essor is executing instruc- 
tions at a much faster rate 
than the other (Fig. 1). For 
example, Processor A may be 
an Analog Devices 2105 run- 
ning at 10 MIPs (50 ns read- | 
write cycle) and Processor B — 
may be a PC’s ISA bus (239 
ns minimum read-write cy- 
cle). With such a disparity in 
bus speeds, the designer 
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must ensure that the time from the 
faster processor reading the flag, 
through processing the information, 
to clearing the flag must be longer 
than the maximum write cycle dura- 
tion of the slower processor. If this 
isn’t the case, it’s possible that the 
faster processor will try to clear the 
semaphore flag before the slow proc- 
essor has completed its write cycle 
setting it! The state of the semaphore 
flag would then be indeterminate. 
The ideal interface mechanism for 
DSP-host processor systems uses a 
combination of interrupt and polled 
techniques. The DSP polls the dual- 
port memory. Polling is appropriate 
because the processing requirements 
and structure of DSP algorithms are 
usually well defined. The host proces- 
sor uses a combination of interrupt 
and polling. After the DSP changes 
the state of any semaphore, it will 
write to the mailbox address that gen- 
erates an interrupt to the host proces- 
sor. In the host processor’s interrupt 
service routine, the interrupting con- 
dition is first removed by reading 
from the mailbox. The host processor 






4, MEMORY SELECT CIRCUITRY inside the PLD 
selects either the SRAM, dual-port memory, or the internal PLD 
register. The memory map can be expanded by adding memory bank 
select bits to the internal PLD register. 
PIELECTRONIC 
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then polls each semaphore flag. For 
every semaphore flag set, the host will 
schedule its service. The actual servic- 
ing may occur within the interrupt rou- 
tine, or in a background process. 

Interfacing a DSP to a dual-port 
memory is rather uneventful—it has 
the same interface signals as one 
would find on a standard SRAM. The 
Analog Devices ADSP-21xx family of 
processors provides a unique boot 
mechanism that can take further ad- 
vantage of the dual-port memory (see 
“Analog Devices’ DSP family,” p. 82). 
With the proper interface, no soft- 
ware is required to remain resident in 
the DSP system. All software can all 
be automatically downloaded from the 
host processor. 

With the use of a low-cost PLD 
(such as a 15-ns 20V8), a versatile, 
low-cost, high-throughput DSP inter- 
face can be built that supports the 
ADSP-21xx boot mechanism (Fig. 2). 
All of the required glue logic is imple- 
mented within the PLD. To complete 
the design, the external memory con- 
sists of three 32k-by-8 SRAMs. This 
fills out the complete data and pro- 
gram address space of the 
ADSP-21xx. 

The ADSP-21xx self-boot 
mechanism is normally acti- 
vated upon reset. This 
mechanism automatically 
downloads program code, 
one byte at a time, into the 
DSP’s internal program 
memory. After the initial 
code is downloaded, it is 
automatically | executed. 
The boot code may be down- 
loaded from an external 8- 
bit wide ROM or from a 
dual-port memory. 

The choice of a polled-DSP 
dual-port memory interface 
leaves the associated inter- 
rupt signal on the dual-port 
memory free for use in gener- 
ating the DSP reset. The PLD 
is used to generate the reset 
sional to the DSP (Fig. 3). 
Typically the DSP remains re- 
set from power-up until the 
| boot download procedure is 
ready to commence. 

The host processor first 
writes the initial set of DSP 
startup instructions into the 
dual-port memory (Fg. 2, 
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again). This processor must read from 
any location in the dual-port memory 
to remove the reset signal to the DSP. 
Notice that a memory element is 
formed with combinatorial logic feed- 
back that latches the reset signal until 
the host processor reads from the 
dual-port memory (Fig. 3, again). 
Once the reset signal is removed, the 
DSP will begin to automatically down- 
load the startup instructions (boot) 
from the dual-port memory. After all 
of the startup instructions have been 
downloaded, the DSP will begin to 
execute them. The DSP must read its 
dual-port memory mailbox to clear 
the interrupt signal generated by the 
dual-port memory. 

The host processor can reset the 
DSP at anytime by writing to the 
mailbox address twice. Any host proc- 
essor write to the dual-port memory 
while the dual-port memory gener- 
ated interrupt signal is active will 
cause the DSP reset to be asserted. 
The initial startup code downloaded 
by the DSP during the boot sequence 
then starts up a more sophisticated 


dk sopersies the 
gram and data ees 


_ ve are uuegecee fe external ac- 
cesses, only one external access may 
occur per clock. This high degree of 
parallelism is controlled by a 24-bit 
program word. Each data memory 
word is 16 bits wide. The ADSP- 
2115 has 512-by-16-bit internal data 
memory and 1k-by-24-bit internal 
program memory. The address 
space of ADSP-21xx family is 16k 
words each of program and data 
memory. 

The ADSP-21xx family provides 
a versatile boot-code download fea- 
ture that can be initiated on reset. 
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code/data download procedure. 
Analog Devices’ ADSP-21XX fam- 
ily of processors contain three mem- 
ory-select signals. DMS is used to in- 
dicate data memory access cycles, 
PMS is used to indicate program 
memory access cycles, and BMS is 
used to indicate boot memory access. 
Only DMS is used in the design, and 
it’s used to generate the most signifi- 
cant bit of address into the SRAMs. 
Both program and datamemory are 
contained within the SRAM. The as- 
sertion of either the RD or the WR 
signal from the DSP indicates the di- 
rection of memory access (read or 
write). It’s important that the RD, 
WR, DMS, and PMS signals do not 
propagate through the PLD. That’s 
because memory and dual-port mem- 
ory access times are sensitive to any 
delays encumbered by these signals. 
The problem could be solved by the 
use of a faster PLD and memories, but 
this unnecessarily increases cost. 
DMS does not propagate through 
the PLD in this design (Fg. 4). There- 
fore, the propagation time of the PLD 


time ino its Srtarnal 24-bit pr 

memory. The instructions are down- 
loaded and automatically executed. 
These initial boot instructions usu- 
ally boot in the rest of the digital- 
signal-processing software. When 
implemented through dual-port 
memories, this secondary boot 
mechanism can be quite efficient. 
With the reference design and a 10- 


MIP DSP, 500 16-bit words of data 


memory can be downloaded in about 
300 us (see the figure). 

Analog Devices’ ADSP-2111 and 
ADSP-2171 do provide a direct 
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doesn’t have to be fast. The access 
time of the SRAM is then solely a 
function of the clock in frequency (F') 
to the DSP. The following equation can 
be used to calculate the required 
speed of the SRAM: 


Tacc= 0.75(1/F) — 20 ns 


For an 11-MHz design, Tacc= 48.2 
ns, indicating that 45-ns SRAM would 
be sufficient. The speed ofthe SRAMs 
is only a function of the DSP clock, not 
any intervening logic. 

The select signals to the dual-port 
memory and SRAM must be explicitly 
changed by setting or clearing a bit in 
aregister internal to the PLD. During 
normal operating mode, either one or 
the other signal is active. In this de- 
sign, when the ADSP-2115 flag output 
FO is set high, all external memory 
accesses are disabled to the dual-port 
memory and SRAM. During this inter- 
val, any external program or data mem- 
ory write will write to the internal PLD 
register. Notice that all software associ- 
ated with the changing of the contents 





hes. Faure pins configure the inter- | 
face for operation with different 
types of host processors. Inter- 
processor communication is accom- 
plished through six data registers 
and two status registers. These © 
eight registers are effectively dual- 
ported memory. Boot can be accom- 
plished through this interface as 
well. This device is ideal for certain 
application because the entire host- 
processor interface is internal to the 
DSP. Communication _ realized 
though this interface are limited to 
single channel techniques. 
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There’s an easier way to design 
smaller power supplies. 


AVX’s new, efficient TPS” tantalum 
chip capacitors with low ESR. 


It's no secret that today’s wave of compact electronic products has 


put the squeeze on power supplies. And power supply designers. 


Fortunately, AVX has a way to take some of the pressure 
off. Our new TPS family of molded tantalum chip capacitors 
packs superior performance in the broadest cap range available. 
So engineers can design power supplies for the tight spaces of 
applications like notebook and laptop computers, PDAs, PCMCIA 
card hard drives, DC/DC converters and cellular phones — 


any product, in fact, where limited board space is a design reality. 


But small isn’t the whole story. Our TPS surface mount 
tantalum capacitors offer the industry’s best combination of low 
ESR and high capacitance values. The fact is, no other molded 
Ta chips deliver higher values — up to 330 uF. To minimize ESR, 
we've also invested in device design and processing equipment 
at our manufacturing facilities. The result is a surface mount 


























tantalum capacitor capable of higher ripple currents, lower ripple 
voltages, less power and less heat dissipation for the most 
efficient use of circuit power. 

Here’s another advantage worth talking about. To make 
automated pick-and-place a cinch, TPS capacitors feature smooth 
molded cases. 

To learn more about our remarkable TPS family of tantalum 
chip capacitors, call us at 800-282-4975 for applications engineering 
assistance. Or contact your nearest AVX representative. We'll be 
glad to take some of the pressure off designing smaller, more 
efficient power supplies. 


Ask the World of Us. 
[INA K CORPORATION 


A KYOCERA GROUP COMPANY 
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of the internal PLD register must be 
executed. from internal program 
memory. 

The state of the FO flag is unknown 
after DSP reset. However, the asser- 
tion of the DSP reset signal forces the 
dual-port memory select active by set- 
ting the signal Force_DP inside the 
PLD. Any succeeding external memory 
read by the DSP, such as in the boot 
sequence, will be forced to read from the 
dual-port memory. The first external 
write by the DSP will clear the 
Force_DP signal. This first write should 
be done with the Bank_Change signal 
off. A second write, this time with the 
Bank_Change signal asserted, should 
set the internal PLD register to a 
known state. 

A spare registered output is pro- 
vided within the design as a general- 
purpose output (Fig. 4, again). Addi- 
tional control bits and other features 
can be included by extending the in- 
ternal PLD register to contain more 
bits. This can be used to provide addi- 
tional output control bits. An almost 
limitless amount of memory can be 
made accessible by adding SRAM 
page select bits. 

Although “jumping” between banks 
of memory may be cumbersome, this 
overhead is rather insignificant if each 
bank contains a separate task. The sin- 
gle flag input capability of the DSP can 
be expanded as well. The flag input 
(FI) can be driven by a PLD output. 
Inside the PLD, this bit could be a 
multiplexed signal of several PLD in- 
puts. For a 2:1 multiplexor, the control 
could be the FO signal. For a larger 
multiplexor, several bits of the internal 
PLD register may specify the input to 
the multiplexor. 0 


Michael Demjanenko is a member 
of the technical staff at the Custom 
Product Design Div. of Vocal Tech- 
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clude investigating and wmplement- 
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cations products. He holds a BS and 
MS in electrical and computer engi- 
neering from the State University of 
New York at Buffalo. 
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"Surely, 
we have a better option than these!” 
Yes, you do. 


Turn your excess inventory into a 
tax break and help send needy 
kids to college. 


Call for your free guide to learn how 


donating your slow moving inventory can 
mean a generous tax write off for your company. 


Call (708) 690-0010 





Post Office Box 3021 e Glen Ellyn, IL 60138 
Fax (708) 690-0565 
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_ Proceedings of Portable By Design 


Sponsored By Electronic Design Magazine 








Price $150.00 per copy (add $12.00 shipping & handling per copy) 


A conference for OEM Designers of portable, nomadic, mobile, 
transportable and hand-held products. The product areas 
covered in these proceedings include almost 800 pages of 
information on: 


* Power Circuits 

* Connectivity 

* Input Devices 

* Managing Mechanical/Electrical Design Teams 
* Expandability/Configurability 

* Engineering The Whole System 

* High End Microprocessors 

* Low-Power Microncontrolliers 

* Power Management 

* Application Development & Operating Systems 
* Batteries 

* Displays 
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Introducing G-Windows, a complete windowing software 3 TE oe ff —« 
and User Interface builder that lets you supervise and | 
control your real-time process on the same 
processor at the same time. 

With G-Windows, you get one of the most 
complete selection of window gadgets and a 
powerful editor that lets you easily build and link 
your screens to your application program, fast, 
without being a graphics or C expert. Call today 
for your free information package and demo disk. 
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DESIGN APPLICATIONS 


DEBUGGING SYSTEMS: 
GETTING THE PIECES TO 
WORK TOGETHER 


FIXING ERRORS IN EMBEDDED SYSTEMS 
CALLS FoR TEAMWORK—AND TOOLS 


hen an embedded system fails, the story is that the en- 
gineers who designed the hardware and the developers 
who wrote the software point their fingers to the oppo- 
site camp. In reality, though, both groups would likely 
agree that debugging a design calls for teamwork, pa- 
tience, experience, ingenuity, and perhaps most impor- 
tant—good tools. Indeed, the intersection between 
hardware and software is particularly dicey—how do engineers determine 
whether a problem is caused by hardware or software or is a result of their 
interaction? 

To answer some of these questions, in a contributed article, Mark Call, senior 
development engineer at Storage Technology, discusses two areas of real-time 
debugging concerns faced when designing real-time systems: real-time soft- 
ware problems, such as error-recovery algorithms, and hardware integration 
problems, such as fault race conditions and physical positioning problems. In 
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i, PROCASE’S SMARTSTRUCTURE CHART shows code structure and 
control flow within individual functions. Each of the conditional elements shown in the structure 
chart can be used to navigate automatically to the corresponding decision point in the source code. 
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“Debugging: Enterprise Instrumen- 
tion,” (p. 93), Call draws on his expe- 
rience working with 36-track tape 
drives; yet his debugging experience 
will likely sound familiar to engineers 
working on other high-end, real-time 
projects. For instance, problems may 
crop up quickly. What’s more, they 
may happen only once. Also, large sys- 
tems like these often require massive 
amounts of trace memory to find 
faults. As Call explains, the debug- 
ging tool set chosen for this project 
had to address several requirements 
that, though unique to the project, are 
examples of common requirements 
for a wide variety of real-time sys- 
tems. 

In the second contributed article, 
“Debugging for Real-Time: Hard 
Choices,” (p.101), Ed Skinner, soft- 
ware developer and instructor with 
Motorola’s Computer Group, focuses 
on picking the right tool for the sys- 
tem. Skinner takes a look at the range 
of available tools and their strengths 
and weaknesses: the programmer’s 
tool set includes source-code debug- 
gers, regression tests, system profil- 
ers, and firmware debuggers. He 
points out that choosing the best tool 
from the many varied toolsets at hand 
gives engineers the best shot at finish- 
ing their project on time and within 
budget. 

The debugging picture is hardly 
bleak, however. Skinner describes the 
advantages of the new, inclusive de- 
velopment-and-debugging environ- 
ments. Vendors are improving exist- 
ing tools and introducing new tool- 
sets. Recognizing that many engi- 
neers are now working in DOS/Win- 
dows as well as Unix environments, 
some vendors are either porting their 
toolsets to Windows or adding 
graphical user interfaces to tools. It’s 
worthwhile to take a look at some 
common debugging issues and the 
tools that are aimed at solving typical 
embedded-system problems. 


BEYOND THE BOUNDARIES 


Debugging a system consisting of 
hardware and software requires ex- 
pertise that goes beyond the bound- 
ary between the hardware and the 
software that drives it. Because soft- 
ware engineers are unlikely to debug 
hardware, any system-level problem 
that occurs usually falls to the hard- 
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documentation based on the company’s Matrix, System Build block-diagram models. The 
documentation software simultaneously produces or changes the documentation as an engineer 


works on the model diagram. 


ware engineer to debug. This often 
requires the engineer to understand 
the source code that drives the hard- 
ware. Debuggers can be used to 
evaluate how the code is executing. 

For an engineer more comfortable 
with schematics than source code, de- 
bugging may not supply enough infor- 
mation. Understanding how source 
code is structured may give an engi- 
neer an idea of where the problem lies. 
To that end, Procase Corp.’s Smart- 
Structure Chart and SmartReport 
Writer give engineers a view of the 
code’s structure. The chart tool auto- 
matically generates a graphical repre- 
sentation of the code’s structure (Fig. 
1). The graphic can serve as a sche- 
matic to help an engineer understand 
the code logic, as well as to see the 
decision points, control flow, and pa- 
rameter usage. The chart tool used 
with SmartSystem code browsing 
and error analysis can help engineers 
navigate through the source code to 
the function call or decision point in 
question. 

The writer tool automatically gen- 
erates as-built documentation, ensur- 
ing that information used in debug- 
ging is up to date. Because the docu- 
mentation is generated from the 
source code, the code and documenta- 
tion are in sync. With these tools, once 
the hardware engineer has a sense of 
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how the program logic is constructed, 
s/he can make informed judgments 
about the cause of the problem, make 
the fix, and then run a debugger to 
verify that changes made have had 
the desired effect. 

Engineers coping with complex 
data-manipulation software should 
get a hand with CST Images’ Data 
Debugging Toolset (DDT). The San 
Diego company’s tools were devel- 
oped to fill the gap between standard 
source-code debuggers and generic 
graphic toolsets. The tool supplies 
non-graphic, logic-based debugging 
controls to be embedded in a user pro- 
gram under development. 


REMOTE X11 GRAPHICS 


The toolset’s routines generate re- 
mote X11 graphic displays with which 
the user can view program data re- 
sults on a Spare Unix host, control 
debugging flow, and analyze massive 
data arrays in graphical form. The tool 
targets analysis in general data proc- 
essing, signal processing, and data ac- 
quisition. With the tool, the developer 
can insert debugging routine calls in 
the C and Fortran code at key points 
where data may be viewed and 
checked for algorithm verification. 
During debugging, calls are activated 
through switch parameters from the 
program/task, the toolset’s graphic in- 
GN 
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industry standards, non-U.S. national 
standards, and international standards 
—right on your desktop. You can 
access bibliographic data on more 
than 100,000 standards from close to 
400. developing bodies; then, in many 
cases, go right to full-text images of 
the information you need. Worldwide 
Standards is on CD-ROM, and can be 
stand-alone, or networked. 


For details, circle reader service 
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Make better design decisions with 
new CAPSXpert™ 


Revolutionize the way you search and 
compare ICs and discretes. CAPS Xpert 
has over 15 million devices. More 
than 740,000 datasheets. In a 
Windows™ environment that lets you 
tailor searches. Use CAPS Xpert for 
characteristic searching, instant 

up/ downgrading, automatic replace- 
ment parts ID, and pin-for-pin 
replacement. Graphical pinout dis- 
plays show the physical properties of 
the device and standard package 
outlines. You can even add your own 
internal parts data. CAPS Xpert—it’s 
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Slash cycle times 


Cycle times get shorter when cross- 
functional teams can access the same 
information at the same time—so 
that design, component engineering, 
Q/A, logistics, and manufacturing 
can all help contribute to better, 
more efficient design and production. 
The IHS solution? Congruity™ 
Integrated Information Solutions, a 
new software platform that provides 
an intelligent approach to integrated 
information management and 
retrieval in a multi-application, 
networked environment. 


Congruity incorporates search and 
retrieval, image viewing, and systems 
administration software that can 
integrate your internal data with a 
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wide standards, DoD specs and stan- 
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The result? A seamless data 
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current engineering 
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productivity. 
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See how IHS’s DAIS helps companies 
save thousands of hours a year in 
search time 


Our “Data and Application Integration” 
(DAIS) white paper shows how IHS 
information helps companies increase 
productivity and efficiency by deliver- 
ing useful, accurate, timely technical 
information anywhere it’s needed. It 
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information future—including delivery 
options, information management 
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DEBUGGING SYSTEMS 


terface window, or source-code de- 
buggers. If debugging operations are 
not active, the DDT calls impose low 
CPU overhead. 

As for digital-signal processors, the 
AXDS multiprocessor and emulator 
and C source-level debugger from 
Ariel Corp., Highland Park, N.J., is 
based on Texas Instruments’ XDS- 
510 but costs less than one third. 
Available for Ariel’s Hydra and Cy- 
clops C40-based DSP boards, the 
AXDS has a window-oriented user in- 
terface and includes an assembler, 
linker, and C source-level debugger. 
Other features include software 
breakpoint, trace, and timing with up 
to 30 software breakpoints, and hard- 
ware breakpoint and trace on all pro- 
grams and data addresses. 

For engineers working with DSP 
chips from NEC Electronics Inc., 
Mountain View, Calif., Intermetrics, 
Cambridge, Mass., has come up with 
an ANSI C cross-compiler optimized 
for the NEC MPD7701x family of 
DSP ICs. The compiler has language 
extensions to take advantage of the 
chip’s architecture, including support 
for multiple memory spaces as well as 
access to circular buffer addressing 
modes. 


OFF THE SHELF 

Off-the-shelf multitasking kernels 
and real-time operating systems are 
proliferating. Many of them now in- 
clude a kernel-aware debugger; yet 
the debugger does not deal with the 
target processor or the application’s 
source code. 

So that a user can avoid purchasing 
and having to learn to use two debug- 
gers, Soft-Scope, a source-level de- 
bugger for 8086 family embedded- 
system development, has a set of mac- 
ros for kernel and application aware- 
ness supporting the C Executive op- 
erating system from JMI Software 
Systems Inc., Spring House, Pa. From 
Concurrent Sciences Inc., Moscow, 
Idaho, SoftScope enables a user to ac- 
cess a task profiler that reports how 
much CPU time is used by each task, 
displays the amount of stack used by 
each task, displays system configura- 
tion information, and sets conditional 
breakpoints for a given task. 

C Executive has Unix-like system 
ealls, standard I/O with redirection, 
data queues for intertask byte 
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streams, a reentrant C library, and a 
set of device drivers that support PC 
peripherals without using BIOS calls. 
A source-level, remote-target debug- 
ger that runs on DOS and Windows- 
based PCs, Soft-Scope supports 
C/C++ compilers from Borland, Intel, 
MetaWare, Microsoft, and Symantec. 

From Microware Inc., Des Moines, 
Iowa, the FastFix Debugger is an 
ANSI C source-level debugger resid- 
ing on the host system. With the de- 
bugger, users can remotely control 
program execution of the application 
while communicating with the OS-9 
target system. The debugger sup- 
ports C source-level and assembly 
language debugging and can simulta- 
neously display C source and assem- 
bly code. 


EMULATION, DOCUMENTATION 

On the emulation front, the ET- 
iC186 unit from Emulation Technol- 
ogy Inc., Santa Clara, Calif., supports 
16-bit microprocessors from AMD, 
Intel, NEC, Philips, and Siemens. The 
ET-iC186 supplies full-speed emula- 
tion up to 30 MHz with no wait states 
and no intrusion on I/O or interrupt 
pins. The clock source is switchable 
between the target system and the 
pe-board programmable oscillator. 

In the race to debug a product and 
get it to market, design documenta- 
tion often gets short shrift. To meet 
that need, as well as to help develop- 
ers doing design reviews, software 
update and maintenance reports, user 
manuals, and version control, Inte- 
grated Systems Inc., Santa Clara, 
Calif., has added DocumentIt auto- 
matic documentation software to its 
Matrix toolset (Fig. 2) for developing 
embedded and control systems. Intro- 
duced with version 4.0 of Matrix, 
DocumentIt generates software 
documentation based on the tools’ 
SystemBuild block-diagram models. 
As an engineer works on the model 
diagram, DocumentIt simultaneously 
produces or changes the correspond- 
ing documentation. The output is com- 
patible with FrameMaker and Inter- 
leaf publishing software. U 
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LITHIUM BATTERY 

YOU NEED. 


EVEN IF IT DOESN'T 
EXIST. 








Battery Engineering, 
Inc. manufactures 
a full line of long- 
life, high-energy 
density lithium bat- 
teries. And the line is 
getting longer. We are 
_— ’ constantly asked by our 
customers to create and produce 
custom-designed batteries for specific 
applications | in industries 
ranging from oil to ae 
oceanography 
to medical. | 
Design engi- 
neers call on our 
batteries’ high shock 
resistance. and ability to 
remain hermetic and operable at tem- 
peratures ranging from -55°C to 
+ 200°C. They also call on us when 
their designs demand a battery no one 
has ever seen. 






























So whether you need 
. Standard or custom- 
~~, designed batteries, 
/ call Battery 
Engineering. 
We'll know what you have in mind. 








Make the Safe Choice: Send for your 
free copy of Safety First: A Manual for 


the Safe Handling and Storage of 
Lithium/Thiony! Chloride Batteries. 








For more information, call Bob Fay, 
Marketing/Field Engineering Serie 
at 1-800-685-4844 or <. 
617-361-7555. g-—~ 

Fax us at ) 
617-361-1835 
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Good wine comes only from good grapes 


Top-quality telecom systems use only first-rate relays 


NEC's surface-mount signal relays are the first choice _ national certifications of quality: IS09001 and 9002. 
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Outstanding system per- 
formance begins with excel- 
lence in components. 
For more information about 
our E-Series miniature signal 
relays, call NEC today. 
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types approved by the 
leading producers of tele- 
com systems. 

Experts insist on our 
surface-mount relays be- 
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The right components to build your reputation. 





For fast answers, Call us at: uSA tel:1-800-366-9782. Fax:1-800-729-9288. Germany Tel:0211-650302. Fax:0211-6503490. 


Singapore Jel:253-8311. Fax:250-3583. Australia Tel:03-8878012. Fax:03-8878014. Japan Tel:03-3798-6148. Fax:03-3798-6149. 
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DESIGN APPLICATIONS 


DEBUGGING: ENTERPRISE 


INSTRUMENTATION 


LOCATING REAL- 
TIME BuGSs IN 
EMBEDDED 
SYSTEMS IS 
ESPECIALLY 
TRICKY WHILE 
INTEGRATING 
HARDWARE AND 
SOFTWARE 
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s embedded-sys- 
tem design engi- 
neers know, one 
of the more chal- 
lenging stages in 
the development 
process occurs 
when it’s time to integrate hard- 
ware and software in a real-time 
system. When bugs occur at this 
stage, it’s often difficult to identify 
whether they are in the hardware or 
software or come as a result of their 
interaction. This article discusses 
two areas of real-time debugging 
concerns faced when designing real- 
time systems—real-time software 
problems, such as error-recovery al- 
gorithms, and hardware integration 
problems, such as fault race condi- 
tions and physical positioning prob- 
lems (Fg. 1). 

The problems encountered when 
designing 36-track tape drives for 
IBM plug-compatible mainframes are 








1, REAL-TIME RE QUIREME NTS can significantly increase the complexity of 


integrating an embedded system's hardware and software. 
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similar to those faced on other high- 
end, real-time projects. Things may 
happen fast and perhaps only once. 
Such systems often require massive 
amounts of trace memory to track 
down the faults. 

The debugging tool set chosen for 
this project had to address several 
requirements that, although unique to 
the project, are examples of common 
requirements for a wide variety of 
real-time systems. The target system 
processor was a Sparc-based CY611, 
the integer-only variant of the CY601 
processor. The tool hardware inter- 
face had to support the CY611 with- 
out intruding on the target’s real-time 
operation. The tool set must be flex- 
ible in its approach to a problem. Two 
teams of software engineers and one 
team of hardware designers were in- 
volved in the project. Members of 
other teams were involved occasion- 
ally. Both a hardware and a software 
approach to the problem had to be 
supported with good interaction be- 
tween the tools. 

The tool set must grow with the 
team requirements. Each of the three 
primary teams averaged a dozen 
members. While all members did not 
require simultaneous access to the 
systems, there was a strong require- 
ment for massive data exchange and a 
consistent debugging environment 
between the team members and mul- 
tiple debugging stations (Fg. 2). The 
tool set chosen was the Microtec Re- 
search XRAY debugger with resident 
monitor and the Tektronix Enterprise 
DAS system analyzer operated 
jointly from a Solbourne 84000 work- 
station. This is a good model of an 
enterprise debugging environment. 
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The tools are controlled from a com- 
mon point. The digital analysis system 
(DAS) is networked to the worksta- 
tion, and all debugging stations are 
networked for efficient operation and 
data exchange. The XRAY debugger 
is connected to the prototype via an 
RS-232 interface. Each DAS, 15 at last 
count, is attached to a prototype driv- 
ing at least a portion of the product 
hardware. The system analyzer 
shows the designer what is happening 
on the bus in real-time. The debugger 
has the capability to run tests or inter- 
pret the system state after a break- 
point of failure. Similarly, the system 
analyzer can correlate specific hard- 
ware signals with the software in- 
structions and correlate the debugger 
with the real-time trace. 


REAL-TIME SOFTWARE 


Tape drives are inherently real- 
time systems, because they control a 
high-speed electromechanical system, 
and they have the potential for multi- 
ple asynchronous events. In addition, 
performance requirements dictate a 
high level of custom integration—that 
is, dozens of ASICs in a single tape 
drive unit. The failing software mod- 
ule might be difficult to identify in 
real-time systems. Previous events 
and/or interrupt activity can cause the 
software to take radically different 
paths and process data in a different 
order. 


ENTERPRISE DEBUGGING 


The failure may be “hidden”—it 
may take several seconds to manifest 
itself and then may not be easily 
traced back to the source. Tape error 
recovery is a good example. Tape read 
or write errors, while not desired, are 
expected to occur occasionally, and 
may result from faults in either the 
drive, the media, or in the code, of 
course, especially during the debug- 
ging process. Since data integrity is 
paramount, extraordinary measures 
are employed to guarantee correct 
and recoverable data. The initial read 
or write problem that exercises the 
faulty software usually happens any 
number of tape repositions and retry 
cycles before the final error is de- 
tected. 

Since these events can take sec- 
onds, or even minutes, to accumulate, 
the designer must both conserve the 
deep, but finite, trace memory and try 
to create trigger events ever closer to 
the original fault. Trapping the fault 
becomes an interactive, and often 
quite creative, process (F7g. 3). 

Generally, real-time systems can- 
not be stopped arbitrarily because 
signals or interrupts can be missed. In 
addition, electromechanical devices, 
such as tape drives, do not stop instan- 
taneously when the code is stopped. 
The target must be allowed to con- 
tinue to a reasonable stopping point 
while the trace is stored in real-time 
and saved for review. A deep trace 
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workstation-based toolset are two advantages of enterprise instrumentation. 
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gives the designer the information 
necessary to capture the source of the 
problem, but not the ability to filter 
the data. What he or she wants to do 
is reduce the data, or filter it by 
searching for a complex series of 
events. Even when working with a 
small portion of the code, say 10,000 
lines, in a multitasking system such as 
a tape drive, the designer may have to 
sift through millions of cycles to locate 
a problem. Not only do you have to 
determine if the event desired is in the 
large trace, you have to find it. One 
way to deal with this is to prefilter 
what goes into the trace. The power of 
a logic analyzer is in not only what it 
captures but in what it can discard. 


SAVING TIME 


The designer should try to save 
only the area of interest. This con- 
serves not only trace memory but the 
designer’s time in sorting through it. 
For example, after the real-time ker- 
nel is debugged, there is usually no 
reason for it to go into the trace. 
Here’s where the hardware storage 
qualification in the analyzer becomes 
important. By arranging links to put 
all such system code together in a con- 
tiguous memory, a single “do not store 
this range of addresses” trigger speci- 
fication will keep it out of the final 
trace as well as show how much time 
such overhead consumed. The de- 
signer can also set up to store other 
singular events such as a “read from 
hardware memory locations” or 
“fetches from specific routines.” This 
reduces the memory requirement 
needed to associate separate events in 
time (Fig. 4). 

Another way to track down problems 
captured in the trace is to apply various 
levels of analysis to the same data. For 
example, by looking at the trace at the 
hardware level, all activity on the bus is 
revealed. This includes interrupts and 
direct memory access (DMA) cycles. 
Filtering the data, allowing only exe- 
cuted instructions to be displayed, is 
valuable when tracing detailed soft- 
ware execution. Further filtering, dis- 
playing only subroutine or branch flow, 
allows a higher level analysis of the 
overall program flow. 

The combination of these tools can 
quickly isolate a wide variety of prob- 
lems, the sources of which are not ap- 
parent from the observed fault. The 
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combination also helps later in the de- 
velopment cycle, when optimizing 
code. By using the system analyzer to 
time specific portions of code, the de- 
signer can verify the time required to 
execute certain routines, such as in- 
terrupt service routines. One can take 
this even further and monitor multi- 
ple functions to find out the time spent 
in each routine, relative to the whole 
program. This lets the designer iden- 
tify places within the code that, if op- 
timized, will significantly improve the 
performance of your whole system. 


INTEGRATION 


Hardware/software integration 
problems are often more difficult to 
debug than program logic. They re- 
quire physically monitoring the target 
system. Using hardware tools to cor- 
relate specific signals with instruc- 
tions, the designer can debug complex 
problems such as why a certain series 
of instructions cause hardware errors 
or why a specific data pattern causes 
glitches on the data bus. Here is 
where the designer also sees system- 
level race conditions. This is helpful 
when several parts of a system signal 
an error and the designer has to re- 
solve which one signaled it first and 
the appropriate priority. 

For example, repositioning the tape 
for a retry following a read or write 
error sometimes can be done by the 
servo subsystems; other times it may 
require rereads of previous blocks. 
Proper tape positioning is critical in 
maintaining the integrity of the data, 
but it can be difficult to verify. It is one 
of the most important integration 
tasks. Even a small amount of physical 
tape mispositioning can result in over- 
written or duplicated data records. 

The state-oriented trigger machine 
of the logic analyzer is used to trace 
the sequence of hardware/software 
events to isolate the fault. Records on 
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tape are separated by interblock gaps, 
or [BGs. Since the drive must acceler- 
ate the tape to speed before read or 
write data can be clocked, the physical 
position of the tape at rest can be dif- 
ficult to correlate to its logical position 
with respect to data blocks. This be- 
comes a nasty problem to verify on the 
fly. It is one of the biggest problems of 
error recovery operations with re- 
gard to the real-time integration. 

With the CY611 processor, every- 
thing is internal to the registers. If one 
subroutine returns a code that indi- 
cates a failure, the only way to find 
what branch it took is to see a failure 
code. A way around this real-time reg- 
ister blind spot is to include a debug- 
ging macro that writes to an unused 
“write-only” location. Any time the 
main function that evokes error re- 
covery is called, for example, this 
macro writes an integer value repre- 
senting the register contents to the 
write-only location. 

The logic analyzer reads this value 
off the bus and into the trace buffer. In 
this way, the designer can see error 
codes, fault symptom codes, error 
classes, and block IDs, which might 
otherwise be inconvenient or impossi- 
ble to examine. Such a macro is often 
included via a conditional compile and 
may also be used as a method of pro- 


Data Nonprocessor 
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storage qualification to capture only the data of interest. 
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3. DEEPER TRACE MEMORY is required to isolate system faults that 


minutes to exhibit themselves. You can’t acquire this data without deeper memory. 


viding a ready trigger spot on unusual 
failures or on branches that execute 
only when there is a failure. 

This write-only technique does af- 
fect timing by adding a write cycle but 
is generally not intrusive to any other 
part of the target system. Earlier in 
the design phase, the designer can use 
the debugger to run diagnostics. 
When the development is far enough 
along, the tape drive can be interfaced 
to a host system. This is where a logic 
analyzer is particularly useful—its 
non-intrusiveness makes it possible to 
see how the system actually runs at 
full speed. 


UNATTENDED TESTING 


Long-term test can be set up to run 
hundreds or thousands of passes unat- 
tended. Running the same tests used 
by the quality control department 
earlier in the development cycle re- 
duces the total design cycle time and 
provides a time-effective method of 
duplicating failures to provide addi- 
tional debugging information. 

Finally, when fixes are imple- 
mented, the system analyzer can be 
used to verify that the tests execute 
them as anticipated. Often there are 
times when the power of both the 
debugger and the system analyzer 
are needed at the same breakpoint. 
The general example is when the 
system must run in real time up to 
the breakpoint with the execution 
stream stored in the trace buffer. 
The debugger must simultaneously 
regain control at that point for fur- 
ther analysis. 

When XRAY sets a breakpoint, the 
designer wants the analyzer to trig- 
ger the second time the debugger exe- 
cutes a routine. This is because the 
debugger copies a block of code over 
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The unenlightened always see advertising 
as nothing more than an expense. And easily expend- 
able when times set tough. But it’s only a matter of 
time until that catches up with you. 

Studies conducted during seven recessionary 
periods since 1923 prove companies that keep 
advertising levels up during difficult times emerge far 
ahead of their competitors in terms of sales and 
profits. And there may be no better time to gain 
market share. | 

A recent study by Cahners Publishing and 
the Strategic Planning Institute analyzing more 
than 2,000 companies showed a direct correlation 
between advertising levels and share of market. 

_ Companies that advertised at a level equal 
ye to that of their competitors had roughly a 
Tg { . 21% market share. While those that 
yy advertised at far lower levels had only 
a 20% market share. 


- But companies that advertised at significantly 
Z higher levels had a market share of 43%. 
Indicating that when you stop advertising ,you 





lose market share. And recapturing it almost always 
costs far more than maintaining norma ad levels. 
Desperate times call for desperate measures. 
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will eventually blow up in your face. For more 
information on how advertising works for you even 
in tough times, write the American Association of 


Advertising Agencies, Dept. Z, 666 Third Ave., 


New York, NY 10017-4056. 
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to scratch-pad memory and patches it 
in. To deal with this, a specific trigger 
was built for the logic analyzer to exe- 
cute on the second debugger break- 
point. With this, the designer can use 
the debugger to control the triggering 
process, but with only a single generic 
trigger, and without having to update 
the logic analyzer repeatedly. 


CROSS-COMPARE DATA 

The workstation-based X Windows 
system helps the designer to do much 
of this cross-comparison of data. One 
can have, at a single workstation, sev- 
eral different windows displayed si- 
multaneously. These windows include: 
command tool, editor, debugger, list- 
ing file, written scripts, symbols, and 
the DAS. The designer can print 
screens, transfer trace memory from 
the DAS to the workstation, and do 
some limited cut and paste between 
applications to correlate data. When 
working on a particular fault symptom 
code, for example, the designer can 
look it up, see a system trace on the 


DAS, examine memory with XRAY, 
and run scripts s/he has created to 
provide other information about sym- 
bols, the link map, and so on. 

Having both software and hard- 
ware tool displays on the screen 
makes analysis easier. By extracting 
the symbols from the compiler and 
routinely downloading them over the 
LAN to the analyzer, the analyzer can 
display higher level information such 
as routine names and reference back 
to the source code. The designer can 
also use remote batch instrument con- 
trol to load test set-ups or save traces. 
This improves on trying to transfer a 
10-Mbyte trace on floppies, once the 
only solution. 

Embedded system debugging takes 
advantage of the data correlation 
benefits offered by enterprise instru- 
mentation. When a system integrator 
can view different windows on the 
same screen that show target proces- 
sor activities, software source code, 
assembly code, performance analysis, 
and the debugger, both integration 


and debugging can be performed 
faster. When designers can access all 
the tools they need from their work- 
station and when they can see various 
levels of data analysis at one time and 
have access to non-intrusive system 
analyzers for the real-time and hard- 
ware/software integration compo- 
nents of the development process, 
they will be able to do their jobs more 
efficiently. Their companies will also 
be able to maximize their equipment 
budget to the benefit of the entire de- 
sign team. L] 


Mark Call is a senior development 
engineer at Storage Technology Corp. 
He has been both a hardware and a 
software designer and has real-time 
development expertise in tape drives, 
optical drives, and high-end printers. 
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FCT & 3.3V FCT LOGIC DEVICES 


QUICKSWITCH® PRODUCTS 


16-BIT LOGIC CHIPS 
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Design Engineering Bulletin 


New Product and Applications Information for Design Engineers 


X88C75 SLIC® E” Microcontroller Peripheral adds I/O ports, 
E*PROM, Static RAM, Interrupt controller and Address 
Decoding Logic to 80C31 Family 


eS X88C75 SLIC Microcontroller Peripheral is the ideal enhancement to 
80C31 type systems. The device features 8K Bytes of E2PROM which 
may be used for either program or data storage and 16 bytes of static RAM for data 
parameter storage. The sophisticated 16 I/O lines are configurable as either In- 
puts or Outputs with two additional strobing signals for either latching data into 
the ports or for strobing data out. The Programmable Interrupt controller can be 
configured to generate interrupts from either data input into the ports or the comple- 
tion of the internal EPROM write cycle. The E2PROM features concurrent read 
during write operation which allows the controller to continue program execution 
from the E2PROM during a write cycle to the same device. 

All internal resources are memory mapped and their location is program- 
mable through the internal nonvolatile programmable decoder. This allows 
multiple X88C75 SLIC devices to be used to provide up to 64K bytes of EPROM, 
128 Bytes of RAM and 128 I/O lines without any additional logic. The X88C75 SLIC 
device also features an optional LAM (Latched Address Mode) mode of operation 
where the 8- I/O lines of port B are used to output the de-multiplexed low order 
address byte of the 80C31 bus. This simplifies the inclusion of standard byte-wide 
memory devices suchasSRAM, NOVRAM or EPROM into the system applications. 














we 


X88C75 SLIC Provides Complete X88C75 Combines E’PROM, RAM, I/O Ports and Interface logic 


into an integrated, cost effective E? Micropheripheral. 


Solution to Firmware in Embedded Systems 


he need for software upgradability is becoming increasingly important in embedded systems. The X88C75 SLIC device provides 
a complete hardware and software solution to this need. The device is delivered with a small library of routines loaded into the 
device. Upon initial power-up, the 80C31 will be initialized, and the SLIC firmware will download the applications software through the 
UART on the 80C31. Subsequent downloads can be 
performed by re-invoking the SLIC firmware to allow 
the applications software to be changed once the system 
is in the field. The software update can be performed 
over an RS232 interface, a network connection, a local 
serial bus, RF link or a fiber optics cable. The updates 
may be performed ina random fashion allowing a single 
byte, numerous bytes or the entire applications program 
to be updated. 

Designing systems based on the X88C75 SLIC E? is 
simplified by making the SLIC firmware routines readily 
available to the application software. A PC based pro- 
gram called XSLIC was developed to handle the X88C75 
SLIC to host system interface. The XSLIC facilitates 
reconfiguration of the communication link parameters 
and downloading application programs to the target 
system. Provisions have also been made to relocate the 
SLIC firmware in case of address conflicts with on chip 
resources of the 80C51 derivative employed by the system. 











IBMPC 


COMPATIBLE 





Upon initial power-up, the SOC31 will be initialized, and the SLIC firmware will download the 7 
applications software through the UART on the 80C31. Xicor 


and SLIC E? (Self Loading Integrated Code) are 
registered trademarks of Xicor, Inc. 


Xicor, Inc. Marketing Dept. 1511 Buckeye Drive, Milpitas, California, 95035 Telephone (408) 432-8888 Fax (408) 432-0640 


To receive this Design Engineering Bulletin, please use the reader service number or call: 
(408) 432-8888 Ext. 3336 
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DESIGN APPLICATIONS 


DEBUGGING FOR REAL TIME: 
HARD CHOICES BECAUSE EVERY TOOL 


HAS AN EFFECT ON 
THE SYSTEM, 
KNOWING YOUR TOOLS 
Is THE BEST DEFENSE 


ED SKINNER © 
Motorola Computer Group, 
DW-164, 2900 S. Diablo Way, 


as your favorite debugger ever broken the system by its simple 
presence? That happened because every tool has some effect on 
the system, and real-time systems, with their deterministic re- 





Tempe, AZ 85282; quirements, are very sensitive to intruders. Knowing which tool to use and what its 
(602) 438-3956; effect will be on the system is vital. In this article, we will explore the range of 
fax (602) 488-3534; e-mail: available tools and see their strengths and weaknesses. Just as a good carpenter 
e-ski@phx.med.mot.com should know his tools, note that the programmer’s tool set includes source-code 


debuggers, regression tests, system profilers, and firmware debuggers. Develop- 
ment environments offering a rich and varied set of tools gives the best advantage 
to finishing a project on schedule and within budget. 

These high-level debuggers display the source code of a given task, process, 
or low-level routine and simultaneously control the execution of the target 
hardware. With the ability to set break-points in source code, examine and 
modify variables, and even profile execution of the code to locate “hot spots” in 
need of optimization, these debuggers prove their worth daily. 

The “thx” debugger in Unix System V Release 4 is one such tool. Integrated 
with the VMEexec real-time development system 
from Motorola Computer Group (see the figure), this 
- .., _ 7] | X-Windows-based program offers the features ex- 

ae le pected in a mouse- and keyboard-savvy implemen- 
tation for debugging real-time tasks, drivers, and 
system software across multiple processor boards, 
- 8 each of which is running the pSOS+ real-time kernel. 

Even a multitalented tool has its limits—source- 
level debuggers need sophisticated display termi- 
nals. X-Windows display devices need high-band- 
width Ethernet communications and they place a 
heavy, non-deterministic load on the supporting sys- 
tem. Even when the “target” is different from the 
system supporting the display, the high intelligence 
of the debugger requires a lot of information from 
the target processor, and supplying that information 
is overhead—overhead that modifies the behavior of 
the target. More than once, I have tried to use one 
Hardware of these debuggers to help find a problem only to see 
the problem disappear when the debugger is pre- 
sent, and reappear when it is removed. 

THE VMEexec RUNTIME architecture supplies various At the low end of the test-tool spectrum is the 
interface layers to allow application developers to choose the most firmware-based debugging monitor. These rarely 
appropriate layer for the task. Real-time applications have several have more than very limited discourse with the user, 
interface points to acquire their services: through Xl libraries (Xlib); | and then only with a narrow set of commands and 
through SVIDlib or NETIib; directly to pSOS+; directly to an 1/0 driver; options. But with their quiet “sit in the back of the 
or directly to the hardware. room until called” attitude, the firmware debuggers 
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often cause the least amount of upset 
to a real-time system. Although diffi- 
cult to use and hard to interpret, this 
class of debugging program is often 
the back up position in contemporary 
systems. In the field we may not be 
able to fire up the sophisticated Unix- 
based development environment with 
our source files, X-Windows debug- 
ger, and support tools, but when all 
else fails, the lowly firmware debug- 
ger is still there. Developers who can 
profit in this bleak but unobtrusive 
environment will obviously stand a 
better chance of fixing bugs. 

Most board vendors offer firmware 
with their products. And as the basic 
hardware on the boards changes from 
one design to the next, it is important 
to offer the developer a basic set of 
commands that is consistent across all 
models. Vendors with a wide variety 
of offerings have the same problems 
that developers do and they attempt 
to keep the firmware differences, as 
seen by the users, to a minimum. A 
vendor with a wide product offering 
with similar firmware on each model 
ranks high on many engineers’ lists. 


OS-SPECIFIC TOOLS 


In between the firmware and source- 
level debuggers and sometimes par- 
tially integrated with each of them, are 
the OS-specific tools, such as pPROBE+ 
from Integrated Systems Inc., which is 
incorporated in the VMEexec develop- 
ment tool set. These programs display 
information about the software objects 
within the system. These tools tell the 
programmer which tasks are ready to 
execute and which are not and why. 
OS-specific debuggers display system 
resources and allow the engineer to 
monitor activity within the system. 
When a deadlock or runaway condition 
occurs, the debugger supplies the precise 
view needed to see what went wrong. 

Of course, counting events takes time 
and in a finely tuned system, this may 
be just enough to mess up the works. 
Worse still, turning the performance 
gathering software on and off may in- 
duce new glitches or hide old ones. 

Many times the best tool is one cre- 
ated by the programmer—to watch 
| for a specific set of conditions or to 
help characterize an obscure problem. 
Often, this tool is the simple “printf” 
(or other print-like) statement. 

“T can’t debug without printf,” has 
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DESIGN APPLICATIONS 


DEBUGGING FOR REAL TIME 


been uttered by many productive en- 
gineers. A custom-crafted tool placed 
at a strategic point and displaying 
critical chunks of information may be 
exactly what is needed to get the 
proper insight. 

Sometimes it is appropriate to out- 
put this data onto a serial port where 
the engineers can watch what is hap- 
pening in real time. Or they want to 
redirect the output into files for later 
examination. In VMEexec, the stand- 
ard output data stream from tasks can 
be redirected into a file on the target 
processor or even into a file on the 
development system. This latter ca- 
pability, used with the reassignment 
of the input stream to a set of test 
data, is very useful for regression 
testing of application software in real- 
time systems. Reassignment in 
VMEexec is handled in a simple envi- 
ronment file containing one line of text 
per data stream. 

STDIN=/host/usr/edski/testdata/ 
case0042.in 

STDOUT=/host/usr/edski/testdat 
a/case0042.out 

STDERR=/host/usr/edski/testdat 
a/case0042.err 

These three lines connect a real- 
time task’s input and two outputs to 
the specified files on the host file sys- 
tem, the Unix system from which the 
tasks are downloaded into the real- 
time processors. 

Reassignment with host files offers 
an enormous boost when faced with a 
complex system to test. But as with 
the other tools, there is a performance 
penalty: Not only is there additional 
overhead in moving data between 
Unix and the real-time processes, but 
there is also the danger of an inadver- 
tent infection of the Unix system’s 
non-determinism into the real-time 
system. As with the other perform- 
ance effects, this too may create arti- 
ficial and false bugs. 

Ultimately, any tool may create new 
problems. The trick is in deciding 
which tool to use when, and in know- 
ing how it will affect the system. 

Testing begins at a module level 
when a programmer creates a set of 
test data to pass through a routine to 
verify the output. As the testing pro- 
gresses, the programmer adds more 
test cases and expands the software 
with more code, more routines, and 
more possible scenarios or combina- 
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tions. Much of the trick of adding more 
software at this point is in not break- 
ing what is already working. Hence 
the need for regression tests. 

Regression tests verify that what 
worked yesterday still works today. 
These tests grow throughout the life of 
the project and eventually become the 
meat and potatoes of the final tests. 

But as module testing progresses 
and more routines are integrated, the 
level of detail provided by a simple 
printf becomes more of an avalanche 
of information. Engineers must begin 
reducing the amount of raw output by 
streamlining the test cases. 

Large portions of the system may 
be falling into place by this time. Tools 
presenting the interactions of mod- 
ules more than their individual con- 
tents are often more valuable. OS-spe- 
cific tools, which display tasks, mes- 
sages, semaphores, and other OS- 
type objects, may prove more useful 
in these intermediate stages of inte- 
gration. When all the pieces are in 
place, tools that present the broadest 
view may be helpful, but only when 
their measurements are possible with 
infinitesimal perturbations to the sys- 
tem’s performance. Finally, all the 
tools have to be removed and only the 
regression test suite or real-life can be 
used to ensure correct operation; 
eventually someone must take it out 
for a test drive. When problems de- 
velop, engineers modify one piece, 
test it, and reassemble everything 
and run it around the track again. 
Each of the foregoing tools is pulled 
out of the toolbox as needed and 
tossed aside while the next test is run. 
A tool’s ability to be inserted and then 
removed quickly may be one of its 
greatest virtues. A rich and varied 
tool set with the ability to give several 
different views of the system is essen- 
tial in today’s complex systems. LJ 


Ed Skinner, an instructor and soft- 
ware developer for Motorola's Com- 
puter Group, has designed and pro- 


| grammed real-time systems for 25 


years, can be contacted by e-mail: ed- 
ski@phx.mcd.mot.com. 
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ASPI provides everything you need to 
launch products using Digital Signal 
Processing technology. For speed, 
power and accessories, look to the Elf 
DSP Platform and Application Toolkits 
from Atlanta Signal Processors. 


Platform: Designed for AT- 
compatible computers, the Elf DSP 
Platform includes a Texas Instruments 
TM320C31 floating-point DSP, a stereo 
high-quality 16-bit A-D/D-A converter, 
and a telephone line interface (DAA). 
All for a remarkably low price! 

Algorithms: ASPI offers the most 
complete library of DSP algorithms 
available anywhere. It includes MPEG 
audio, state-of-the-art speech coders 
and many industry-standard tech- 
niques for music and telephony. 

Software: The Toolkit’s DSP 
Operating System and host interface 
software allow easy integration into 
host applications. The development 
environment features a Loader, an 


Atlanta Signal Processors, Inc., 1375 Peachtree Street NE, Suite 690, Atlanta, GA 30309 
Telephone 404/892-7265 FAX 404/892-2512 
Germany: MEDAV, phone (09131) 583-0 Japan: Kobe Steel, phone 3 (5634) 5426 
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Assembler, a C Compiler, and a C 
Source Debugger. Together, these 
tools enable software developers and 
OEMs to develop a single program- 
mable hardware product that offers 
powerful capabilities. 

If you are considering DSP for 
your applications, the Elf Application 
Toolkit is now available. The Evalu- 
ation Toolkit includes the Elf DSP 
Platform and demos of many DSP 
algorithms, including those found 
in the Developer’s Toolkit. Contact 
Atlanta Signal Processors, Inc. today 
for complete details. 
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Antifuse FPGAs are better than SRAM. 


Six years ago, Actel introduced 
the first antifuse FPGA for a very simple 
reason. You wanted faster, cheaper and 
easier-to-use logic. And the only way to 
give you all that was through antifuse 
technology. Since then, nothing has 
changed. The antifuse is still the only 
logic technology to offer you inherently 
smaller die sizes, greater performance 


and more usable gates, all at a lower cost. 


So it wasn’t surprising that Xilinx, 
totally dependent on SRAM FPGAs, 
denounced the antifuse from the start. 
But nothing’s more powerful than an idea 
whose time has come. And today, they’re 
admitting that what we've been saying all 
along is true. 

Meanwhile, we’ve been continually 


improving our antifuse technology to give 


you even more. Today, we can offer you 
on-chip performance in excess of 167 
MHz. Clock-to-out speeds of 7.5 nano- 
seconds. And from 44 to 313 pinouts. 
Which give you more than 300 different 
combinations of speed, packaging and 
screening options. So you can get the 
best combination of price/performance 
for your application. 

Today, with microprocessors and 
memory dominated by a few standard 
designs, logic integration may be the 
only area where you can create a com- 
petitive edge for your product. Don’t 
settle for anything less than the best: 
Actel antifuse FPGAs. We pioneered 
and lead in antifuse technology. We’ve 
shipped far more antifuses than anyone 
else in the world—over a trillion! 
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And our products satisfy some of the 
world’s most demanding customers, 
including AT&T, Siemens, AST Research, 
Westinghouse, IBM, Hughes Aircraft and 
Eastman Kodak. 

Remember, your choice of logic 
technology can make or break your next 
design. Don’t risk it. Pick up the phone 
and call Actel, the antifuse expert, now at 
1-800-228-3532. See how Actel antifuse 
FPGAs can give you faster, cheaper and 
easier logic design. You'll understand why 
everyone is saying the present and future 
of logic design belongs to the antifuse. 


7 Ey 
955 Kast Arques Ave., Sunnyvale, CA 94086-4533 


1-800-228-3532 
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MARKET FAGTS 


he market for private security 
surveillance and monitoring sys- 
tems is expected to increase 8.6% a 
year through 1998, to be worth 
more than $4 billion that year, according to a 
new study by The Freedonia Group, a market 
research company based in Cleveland, Ohio. 
Influencing growth are innovations in sen- 
sors, improvements in signal transmission, 
and increasing miniaturization, say the re- 
searchers. 

Among the product categories, electronic 
article surveillance (EAS) systems and con- 
traband detection devices (such as bomb and 
metal detectors) show strong growth pros- 
pects. The EAS systems are making inroads 
in the relatively untouched retail sector. De- 
mand for contraband detection is increasing 
for industrial and commercial sites as well as 
in airports and school systems. 

Closed-circuit TV (CCTV) and central sta- 








ho causes the problems in industrial age companies? 
“They” do, those “other people.” Slash and burn era 
bureaucrats thrive on rules, conflict, accusation, and 
fear. Bureaucrats follow procedure and push prob- 
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such innovations as time-lapse recording, 
night vision technology, and increasing min- 
iaturization of systems. 


tion alarm monitoring systems also have 
above-average prospects for growth, say the. 
researchers. CCTV will take advantage of 


talism (our way), and team-based collaborative capitalism (the Pa- 
cific Rim way). These are very different philosophies. Since it takes 
teams to do products, the latter model is winning. 

We are still learning how to best lead and reward teams of 


lems over the horizon to another part of the enterprise. Those on the 
other side of the horizon, of course, do the same. The old ways are 
blame- based, internally focused, and problem-centric. 

It is better to target results and opportunity. The trick is blending 
“us and “them” into a team where one plus one equals ten. A skunk 
works often can do that. The old ways allowed taking advantage or 
exploiting power if the rules were followed. However, selfish or 
controlling behavior destroys high-impact teams and cannot be al- 
lowed. From “neutron Jack” Welch at General Electric to analytical 
Gil Amelio at National Semiconductor, leading CEOs are learning 
they must cast out even productive employees and managers who 
can t adapt to the new systems. People who play win-lose games un- 
dermine high-effectiveness organizations. 

U. S. business is unprepared for teams. Outside sports, many peo- 
ple are afraid to rely on teammates. Our society customarily allows 
“legal” but unethical behavior. This must stop. Cheaters must be iso- 
lated or banished for the new organizational paradigms to flourish. 

The contest in the future is between selfish, individualistic capi- 
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knowledge workers—the old model, where the boss knows best, is 
hopeless. Autocratic decision-making processes do not work well in 
subtle, uncertain, or chaotic environments. From Eastern Europe to 
mainframes, centralized processing is outmoded. 

You use teams like skunk works for breakthrough performance 
gains. But if some in your firm are pursuing hidden agendas, you 
might get worse results than from the old ways. Team members 
should know more than their leaders about the task at hand. Why not 
tap this knowledge? When teaching graduate students, I use both 
individual and team grading. Team members rate the contributions 
of their peers, and the class gets to judge me and the course. Moving 
to the new information-age business methods takes work, invest- 
ment, and training. You need leaders and coaches. First you need a 
sponsor, funding, and an empowered team leader. Only then can you 
start team building. The proper techniques are shared vision and ac- 
countability, not process and control. 

John D. Trudel, CMC, is managing director of The Trudel Group, 
52001 Columbia River Hwy. Scappoose, OR 97056; (503) 640-5599. 
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ngineers grappling with circuit, 

packaging, and system design may 

benefit from a tutorial and train- 

ing course given by OptEM Engi- 
neering, a supplier of interconnect-analysis 
tools. In the two-day program, engineers 
train with design-automation software that 
analyzes signal integrity, ground bounce, and 
crosstalk problems. Day one includes electro- 
magnetic-field theory and modeling, trans- 
mission-line theory, and modeling of complex 
3D interconnect. The second day covers Spice 
transient analysis, crosstalk prediction, radi- 
ation patterns, and interconnect design under 
strict EMC requirements. The course will be 
held in San Jose, Calif., Sept. 20-21 and Dec. 6- 
7. Cost is $1500 per attendee. All participants 
receive a free 30-day evaluation of the OptEM 
software. For more information, contact 
course-leader Dr. Juliusz Poltz at OptEM En- 
gineering Inc., 100 Discovery Place One, 3553- 
31 St. N.W., Calgary, Canada T2L 2K7; (403) 
289-0499, fax (403) 282-1238.LM CIRCLE 460 
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ardware designers, software en- 
gineers, and hardware/software 
integration engineers working 
with embedded systems may be 
interested in attending Hewlett-Packard’s 
1994 Embedded Mini Symposium. The free 
sessions will be held in various U.S. cities 
beginning in early September (for example, 
in Houston, Sept. 12; Orlando, Fla. Sept. 16; 
Rockville, Md., Sept. 22; Piscataway, N.J., Sept. 
26; and Burlington, Mass., Sept. 28). Hardware 
and software tracks will cover case studies 
focused on system integration, root-cause de- 
bugging of complex systems, real-time con- 
siderations, optimized design techniques, and 
software development productivity tech- 
niques. Attendees receive a copy of the tech- 
nical presentations. To register, call (800) 
765-9200. 





CD-ROM disk demonstrates the 
WindView graphical analysis 
tool for embedded-system devel- 
opment. With WindView, a de- 
signer can visualize the complex interaction 
among tasks, interrupt service routines 
(ISRs), and system objects within an applica- 
tion. The free CD ROM runs on a Sun worksta- 
tion. For a copy of the disk, contact Wind Riv- 
er Systems, 1010 Atlantic Ave, Alameda, CA 
94501; (800) 545-9463. CIRCLE 461 
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Perspectives on Time-to-Market 


BY RON KMETOVICZ 
President, Time to Market Associates Inc. 
P. 0. Box 1070, 100 Prickly Pear Rd., Verdi, NV 89439; (702) 345-1455; fax (702) 345-0804 


break-even time (BET) chart on a new product, while use- 
ful, is easily forgotten. Two dominant reasons contribute 
to the effect: one, the time between the production of the initial chart and actual- 
ly breaking even can be rather long; and, two, if the time between forecast and 
actual becomes too drawn out, accuracy is compromised. 

Conventional BET presentations plot investment and profit forecasts as the reference. 
With the passage of time, actuals get recorded on the chart. On the fastest of programs, the 
x-axis calibration ranges from 12 to 24 months from staffing start to actually breaking 
even. On more complex, or lightly staffed jobs, times extend by factors of 2, 3, or 4—years 
can go by between the time of the initial forecast to the production of actual investment and 
profit numbers. Now, judge the usefulness of a BET chart on an effort that takes 3 years to 
get to market and then another 3 years to break-even. Or what would you think about a 
chart showing two years of investment and then one more year to break even, for a total of 
three years? 

As the length of the x-axis expands, chart believability contracts. It’s just not possible to 
make an accurate investment and profit forecast that looks four, five, or more years into the 
future. And if someone thinks they can make one, who believes them? 

So what do you do to extract maximum benefit from the break-even time concept? First, 
you need to get the x-axis calibration right and then you have to make it believable. To do it, 
add information about the competition to your BET chart (see the figure). 
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Placing competitive information on the chart when it’s first generated forces the produc- 
tion of realistic, time-based decisions. If your competition takes 9 months to get product to 
market and breaks even in another 9 months, you know what you have to do. And if they take 
three years to get to market and consume another three years in the market to break-even, 
you still know what you ll have to do. Addition of competitive goals gives the BET chart 
true meaning—the more competitive the challenge presented, the more meaning! 


Ron Kmetovicz’s The One-Minute Time to Market Self Assessment, which tdenti- 
fies five key behavioral patierns exhtinted by fast-moving new product development 
organizations, is available free to the readers of Electronic Design by contacting 
Time to Market at the address above. 
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ree huggers 
and old geezers 


BY FRANK J. BURGE 
Director of Market Development for Electronic Design 





ome months back I used the 
phrase tree hugger to describe 
managers who won't let go of 
the old ways, even though the 
old ways may not make it in today’s compet- 
itive market environment. My choice of tree 
hugger brought a response from a number 
of folks who live in the West. My friend Art 
Heller pointed out that in his town, calling 
someone a tree hugger is a preliminary to a 
“helluva fight.” He lives among people who 
are often violently divided on environmen- 
tal issues—those who make their living in 
the lumbering industry and those who think 
the industry should be tightly controlled to 
preserve a livable environment. 

Art observed that those supporting the 
environmentalist position are variously 
known as tree huggers, enviros, greens, or 
just plain SOBs. While those supporting the 
lumbering industry or developers are gen- 
erally called rednecks, Neanderthals, or 
Wahoos. And in another recent column, 
where I talked about the generational wars, 
I talked about old geezers. Art, who runs a 
marketing company with its headquarters 
in Placerville, Calif. in the Sierras, once 
again took me to task. 

Mostly, he thought my reminiscences of 
life and work in the good old days empha- 
size that I’ve gotten old, or worse, that I’m 
feeling old; maybe I’ve even become one of 
those old geezers. Nine years my senior, Art 
threatened to come down from the mountain 
and kick my butt if I keep it up. He suggests 
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that as we get older, we should curb our 
tendencies toward reminiscences, keep our- 
selves in reasouable repair, and get on with 
life, taking full advantage of the experience 
we have gained to date. 

Another comment comes from an “old- 
er’ member of the marketing community, 
who suggests that the younger crowd, at 
least in marketing, is better trained and 
better informed on the theory and mechan- 
ics of marketing than we were when we 


started out. But, at the same time, they are 


naively dedicated to statistical analysis of 
the unmeasurable and the objectification of 
the subjective. As a result, they analyze ev- 
erything to death, wasting precious time, to 
say nothing of the dollars thrown down the 
drain. In many companies, the old-fashioned 
gut feeling, a product of experience and 
market savvy, has been replaced by analy- 
sis paralysis. 

He concludes by observing that the youn- 
ger crowd would never really understand 
why Death of a Salesman might bring 
tears to our eyes. The final pearls of wisdom 
on the generational wars come from my 
barber, who is one smart cookie. After 50 
years on his feet, he’s working four days a 
week; he takes Friday, Saturday, and Sun- 
day off and works evenings the rest of the 
week as a convenience for his old-time cus- 
tomers, He’s taken on a younger barber as a 
partner, a recent graduate of the Molar Bar- 
ber College, with a post-graduate degree in 
hair nutrition. When I asked my barber for 
his opinion on the generational wars, he dis- 
missed the entire notion with an expletive 
deleted. He sees it as a natural passing of 
the mantle from generation to generation, 
just as his grandfather passed the clippers 
to his father and he to his three sons. And 
my tonsorial wizard thinks the younger 
barbers are better trained, know more 
about hair therapy, and can stand longer 
without their legs cramping. But since my 
barber knows more about life and is a far 
better storyteller, for their $9, his custom- 
ers get more than a haircut. 
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Digital 
Signal 


Processing 


DSP Development Tools and 
OEM DSP Systems from Ariel 


For PC/ISA/EISA: 


PC-Hydra—Modular, TIM-40 based DSP platform 
with four TMS320C40 DSPs. Fast static and high- 
density dynamic RAM TIM Modules can be mixed 
and matched to suit any multiprocessing con- 
figuration. Twelve 20 Mbyte/sec communication 
ports, DT-Connect and DSP Port serial I/O. 


DSP-C40 Cyclops—Powerful TMS320C40 DSP 
with huge static and dynamic RAM capacity, six 
20 Mbyte/sec communications ports, DT-Connect 
and 16-bit analog |/O. GlobalBus+ for shared 
memory multiprocessing. Vast development soft- 
ware and operating system support. 


PC-TeraDon—Another Ariel first: up to sixteen 
floating point DSPs in a single PC slot. Based on 
four quad-DSP DON Modules and the AT&T 
DSP3210, PC-TeraDon can be built to suit fora 
wide range of DSP, telephony and multimedia 
applications. AT&T's VCOS and the PC- 
TeraDon's dual MVIP interfaces make this the 
best platform for multi-channel telephony 
systems. 


For VMEbus: 


V-C40 Hydra—Four TMS320C40 DSPs on a 
single 6U VME card yield up to 200 MFLOPS, 
and an incredible 1.1 billion operations per sec- 
ond. Each DSP has two parallel banks of zero 
wait-state RAM, and up to 64 Mbytes of DRAM is 
shared among all DSPs and the VMEbus. Un- 
paralleled software support. 


Hydra-ll—Four TMS320C40 DSPs with up to 32 
Mbytes of static RAM on a single 6U VME card. 
32 Kbytes true dual-port RAM shared among all 
DSPs and VMEbus. Ultra-high-speed I/O via dual 
processor busses. Most cost-effective C40 board 
for OEM/volume applications. 


CommlO—The most flexible I/O available for 
C40-based DSP systems. CommlO has sites for 
up to four industry-standard IndustryPacks and 
a dedicated TMS320C40 to handle data pack- 
ing and routing via communication ports to other 
TMS320C40s (such as Ariel's Hydra series 
boards). CommlO can also be programmed as 
a stand-alone system for less compute-intensive 
applications. The IndustryPack is an open stan- 
dard with over 50 different I/O modules available 
from anumber of suppliers handling ADC/DAC 
up to 10 MHz, multichannel audio-bandwith I/O, 
synchronous serial I/O, Ethernet, SCSI, and more. 


For You: 


We at Ariel are dedicated to providing you with 
the bestin high performance DSP products. Our 
products are designed, built, and supported in 
the U.S., sold direct through North America and 
are available worldwide through our international 
dealer network. 


Call for our new catalog! 


Ariel Corporation 

433 River Road 
Highland Park, NJ 08904 
Tel: (908) 249-2900 

Fax: (908) 249-2123 
BBS: (908) 249-2124 
email: ariel@ariel.com 
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BIPOLAR IC’S 
IN SURFACE MOUNT 


e Operational Amplifiers 
e Comparators 

e Voltage Regulators 

e Audio 

e Video 

e Communication 

e Special Functions 


CMOS IC’S 
IN SURFACE MOUNT 


Operational Amplifiers 
Comparators 

Power Sources 

Quartz Crystal Oscillators 

A/D & D/A Converters 

Analog Switches 

LCD Display Drivers/ Controllers 
Real Time Clocks 
Radio/Communication 

Audio 


All New JRC BiPolar and CMOS IC's 
are available in Surface Mount and 
Thru-Hole Packages. 


* Distributors wanted throughou the United State 


Fon additional information or to request samples, please call NUR at (415) 961- -3901 or | 
our Representative in ene area. NJR Representatives are located throughout the USA and Canada. 


A SUBSIDIARY OF NEW PAN RADIO C 
340-B East Middlefield Rd 0 


Telephone (415) 961-390 
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IDEAS FOR DESIGN 





VCO, the circuit triggers and turns 
on the relay. 

In this design, the detector’s out- 
put frequency varies from 5 Hz to 
several kilohertz, depending on the 
amount of incident light. 

The VCO’s frequency is set with 


™ cys VOMPARE VCO, 
5 20 INPUT FREQUENCIES 


W. DIJKSTRA 
Oude Kerkstraat 14, 5581 JH Waalre, The Netherlands. 


omparison of an input sig- 
nal’s frequency (f,) with that 
of a voltage-controlled oscil- 
lator (f,,,) can be accom- 
plished with just one CMOS phase- 
locked loop IC and a transistor (Fig. 
1). The phase and the frequency can 
be compared with a phase compara- 
tor, which, along with the VCO, is 
part of the HEF4046 PLL IC. The 
transistor helps introduce hystere- 
sis, enabling the circuit to be used as 
a Switch driver. One possible applica- 
tion is a low-light sensor that turns Hysteresis 
on lights at twilight. sel 

In the circuit, when the input fre- 
quency, f,, is higher than f, ,,, the out- 
put signal from pin 18 (phase com- 
parator output II) is low, and vice 
versa—the output goes high when 
f... iS higher than f,. In the second 
case, with a high output, the transis- 
tor conducts so that resistor R, is 
short-circuited and f,. increases fur- 
ther by an amount determined by the IG4 1 z 
resistance ratio R,/(R, + R,). This pee 
extra frequency increase determines 
the hysteresis. 

The circuit in Fig. 2 offers one 
practical application of the circuit, 
namely a twilight switch. The light 
detector is a TSL220, a light-to-fre- 
quency converter developed by Tex- 
as Instruments. As its light input de- 
creases, its output frequency de- 
creases. When the TSL220’s output 
frequency falls below that of the 


Reference 
frequency 


i _ 
elay SPST 

P 

0 


2.A TWILIGHT SWITCH can be created using the circuit in Fig. 1. The light 


detector is Texas Instruments’ TSL220 light-frequency converter. 








HEF 4046 1. JUST one the reference potentiometer, and its 
CMOS IC anda range is limited from 2 Hz to 200 Hz 
transistor are to match that of the TSL220 during 
needed to twilight. 

cael a = compare an The R,-C, combination causes a de- 
= external input lay to avoid effects of stray light 
P signal's sources, such as passing motor cars. 
frequency with However, it requires the use of two 
the frequencyof | Schmitt-trigger NANDs to prevent 
= the signalfroma | relay chatter. (Note that Texas In- 
leas voltage: struments suggests the use of a 
Output signal controlled oscilla- | grounded guard ring around pins 6, 
tor. 7, and 8 as well as the capacitor leads, 
to isolate this input from potential 

leakage currents.)U 
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'™ cya CONVERT TO DIGITAL gugsukiaw ahi yen 
p21 


H(s) = 
kK ILTERS WITH KASE K[(A0/A2)s-2 + (A1/A2)s-1 + 1] 
FRANK N. VITALJIC [(B0/B2)s-2 + (B1/B2)s-1 + 1] 
514 18th St., Bellingham, WA 98225. where K = A2/Bz2. 


ne common technique ap- 
plied when converting ana- 
log filter functions to digital 


is the bilinear z-transform, 
which is given by: 


s = (2/T.) (2-1)/(2 +1). 


Presented here, however, is a 
method that eliminates the messy al- 
gebra to achieve an equivalent digi- 
tal filter with the same functional ac- 
curacy as the bilinear z-transform. 

The general analog function H(s) 
is: 





H(s) = (A0 + Als + A2s?) 1. A GENERAL 2ND-ORDER DIGITAL FILTER uses two accumulators 
(BO + Bls + B2s?) (acm1 and acm2) to implement the five filter types shown plus any user-defined filter. 
Dividing both the numerator and Higher-order filters are realized by cascading these sections. 





-Purchasing Operations 
Compare? 


Ever wonder how long it takes other organizations 
to investigate potential suppliers before making 
a purchase decision? 
Or how many suppliers are typically considered? 
Or how many people are usually involved in 
a purchase decision? 
This study from Penton Research Services has 
the answers! 
The report also updates you on: 
p> trends in the number of suppliers bought from 
p> the growing use of outsourcing 
P critical supplier selection factors 


You can have this valuable study of purchasing benchmarks for only $95.00! 
For more information, call Penton Research Services at 1-800-326-4146. 
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GaAs 


SWITCHES 


DC-2GHz Immediate Delivery ‘om fe 000 





Finally! A line of SPDT absorptive, reflective and transfer switches that 
appeals to your technical side, and business side as well! It’s 
Mini-Circuits GaAs switches...providing outstanding performance 
features such as very high isolation (up to 60dB), superfast Snsec 
Switching speed and excellent compatibility with surface mount 
soldering techniques. Additionally, the entire series is built 
extremely tough and is immediately available from stock with a 
1 week shipment guarantee. At only $2.95 (qty.10), this 
top-of-the-line value is priced with your bottom line in mind! 
To order, call or Fax Mini-Circuits with your requirements today. 
Mini-Circuits...we’re redefining what VALUE is all about! 


Insertion 1dB In-Out Price 
Freq. Loss@® Comp.@ Iso. @ $ea. 
Model No. (GHz) dB (max.) dBm (typ.) dB (typ.) (aty.10) 


MSW-2-20 DC-2.0 1.0 +24 34 2.95 
(Reflective) 

MSWA-2-20 DC-2.0 13 +27 40 SA5 
(Absorptive) | 
MSWT-4-20 DC-2.0 1.81X@ +281X®@ 30 3.95. 
(Transfer) 2.0RX@ +27 RX® - 


@ Midband, 500-1000MHz ® Transmit @ Receive 


All Units: SOIC 8pin Package 
wy Actual Size 


\—o 


SPDT REFLECTIVE 


i 


SPDT ABSORPTIVE 


Antenna 


o 


\/ 


Antenna 
TRANSFER 


@ 


P. O Box 350166, Brookhm, N New York 11235- 0003 (718) 934-4500 Fax (718)332-4661 
For detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM « MINI-CIRCUITS’ 740- pg. HANDBOOK. 


SUSTOM PRODUCT NEEDS...Let Our Experience Work For You. F 174 Rev Orig 
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2. A SIMPLIFIED 2nd-order digital filter implements the 


high-pass, bandpass, and low-pass filter types. 


In an analog sense, the second ex- 
pression is implemented by a filter 
structure (Fig. 1), with acml and 
acm2 as integrators (1/s). This repre- 
sents one form of a state variable fil- 
ter. Integrators can be digitally im- 
plemented in one of two ways: rect- 
angular or trapezoidal integration: 


Rectangular integration: out(n) = 
out(n — 1) + T, inp(n) 


Trapezoidal integration: out(n) = 
out(n — 1) + (T,/2)(inp(n — 1) + inp(n)) 


where T. is the integration variable. 


The output data accuracy is high- 
est with trapezoidal integration. 
With a sampling-to-data frequency 
ratio of 8, trapezoidal integration is 
about 1%; rectangular integration is 
about 5% (see the table). It can easily 
be shown that the bilinear transform 
for integration is identical to trape- 
zoidal integration. 

A 2nd-order digital filter is real- 
ized with acm1 and acm2 in Figure 1 
acting as digital accumulators and 
the T, reflected in the filter’s coeffi- 
cients. The points of the structure 
for the commonly recognized filter 
types are shown, together with the 
coefficient constraints. Either low- 
or high-accuracy filters can be imple- 
mented by setting M = T, or M=T./ 
2, respectively, along with the appro- 
priate digital-integration algorithm. 

For high-pass, bandpass, and low- 
pass filter types, the filter structure 
is simplified (Fig. 2). By cascading 
these filter sections, higher-order fil- 
ters can be realized. Depending upon 
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sampling rate, fil- 
ters of order larg- 
er than eight 
should use trape- 
zoidal integration. 
The  Low-Pass 
Digital Filter Pro- 
gram outlines the 
statements for a 
2nd-order  low- 
pass filter (see the 
listing). Note that 
all statements 
aren't necessary, 
depending upon 
the degree of ac- 
curacy  imple- 
mented.L] 


SINEWAVE INTEGRATION ACCURACY 


Rectangular 
Mean square error 


0.009562 





Trapezoidal 
Mean square error 


0.001750 





Fs/F %Error %Error 












6 0.000329 1.81 0.003802 

8 0.000103 1.01 0.002056 4.53 
12 0.000020 0.45 0.000888 2.98 
14 0.000011 0.33 0.000649 2.99 
18 0.000004 0.20 0.000390 1.97 
24 0.000001 0.10 0.000218 






0.0000003 0.000102 





LOW-PASS DIGITAL FILTER PROGRAM 


/* set filter coefficients */ 
/* low accuracy only */ 
/* high accuracy only */ 





M = Ts/2.0: 


C2 = (A0/B2)*M*M; 
D1 = (-B1/B2)*M; 
D2 = (-BO/B2)*M*M; 


/* reset accumulators */ 
acm] = acm2 = 0.0; 
acm 1__old = sumFB__old = 0.0; /* high accuracy only */ 


/* low pass filter computing loop */ 
for(n = O;n < MAXPTS;n+ +) { 


/* sum n-th input with feedback samples Bee 
sumFB = X(n) + (Dl*acm!1 + D@*acm2); 


/* set filter n-th output sample */ 
Y(n) = C2 * acm2; 


/* update accumulators */ 
acm] = acm! + sumFB,; /* low 
acm2 = acm2 + acm!: /* accuracy only. */ 


* 


acm] = acm] + sumFB + sumFB__old; /* high ne 
acm2 = acm2 + acm! + acm]__old; /* accuracy only. */ 
/* save current states, high accuracy only */ 
acm]__old = acm]; 
sumFB__old = sumFB; 
} Jilor’/ 
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CONTROL AN FSM 
ENGINE IN SOFTWARE 


RON BRAITHWAITE 
Software Engineering, 3615 SE Clinton St., Portland, OR 97202; 
(503) 281-8620, fax (5038) 231-8708. 


any control applications 
can be defined in terms of 
a finite state machine 
(FSM), which has a finite 
number of inputs that occur in a de- 
fined sequence. The FSM can be 
thought of as an object that per- 
forms actions based on a sequence of 
messages it receives, where the se- 
quence is as important as the individ- 
ual message. 

The FSM structure is made up of a 
single-byte RAM variable, a ROMed 
data structure, a very short subrou- 
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tine for the FSM engine, and the ap- 
propriate subroutines to be executed 
given the defined input. 

The ROMed data structure is 
made up of three tables—state, 
term, and vector: 

e The state table consists of a se- 
quence of bytes that are the offsets 
from the start of the term table to the 
first term for the state indicated by 
the offset from the start of the state 
table. 

e The term table is formed by a se- 
ries of term entries, which consist of 
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When I Call Allied, 
[here's More On The 
Line Than Parts.” 


At Allied Electronics, every time our phone rings, we know 
here's more riding on that call than just parts. That caller is putting 
1s project on the line. Or his reputation. Or, if it's a start-up 
>ompany, he may be putting the company’s future on the line. 


They call Allied because we understand what's at 
stake. They call because they expect results. 
And we deliver. 


For over 65 years, we've earned the confidence of engineers by being more 
than simply the best catalog in the industry. Our special Allied brand of personal 
service means our customers get what they've come to expect and more. 
Like the engineer who wasn't sure what kind of connector he needed to 
finish his prototype. The local Allied sales office and our product 
manager figured it out and the next morning the connector was on The Allied Electronics 
the engineer's desk. Our customers know that we become a part Engineering Manual 






lame day of their team. And with more than 80 local Allied offices, & Purchasing Guide 
shipment we're there when our customers need us because we realize there's 
a person at the end of the line. 















Our catalog is called an Engineering 
Manual and Purchasing Guide for a reason. The 
drawings, specifications and tables give more useful 
information to working engineers than just lists of part 
names and numbers that you see in other 
catalogs. And beyond the limits of the printed 
page, each of our service representatives 
has on-line access to our own and Avnet 
warehouses with inventory worth 
hundreds of millions 
of dollars. 





ee Expect the best. 
—— Call today for your free 
Engineering Manual Convenient ordering on 
& Purchasing Guide. accounts, credit cards or COD 
LLIED ELECTRONICS wc 


AN AVNET COMPANY 


Going by the book...And beyond! 
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* FSM 


* 


* Executes a subroutine corresponding to the current state and input. 
KKK KEKE KKK KKK EKER KK KKK KEKE KKK KKK KEK KEKE KKK KER KK KK KKK KK KKK KE KKK KK RK RK KK KEK KEKE KK RK KEE KK KRKKEER 


bState: 


FSM: 


fsm1: 


fsm2: 


States: 


Terms: 


Vector: 


vO: 
vi: 
v2: 
v3: 
Noop: 


BitAO: 


BitA 1: 


BitA2: 


.END 


Call: 


.data 


rmb 
.code 


psha 
pshb 
pshx 


ldab 
ldx 
abx 
ldab 
ldx 
abx 


ldab 


psha 
anda 
cmpa 
pula 
beq 


abx 
bra 


ldab 
stab 
ldab 
Idx 
abx 
jsr 


pulx 
pulb 
pula 
rts 


db 
db 
db 


db 
db 
db 
db 


db 
db 
db 
db 


db 
db 
db 
db 


dw 
dw 
dw 
dw 


rts 


Idaa 
staa 
clr 
rts 


ldaa 
staa 
clr 
rts 


ldaa 
staa 
clr 
rts 


A=input 


bState 
#States 


O.x 


#Terms 


#4 


O,x 
Lx 


fsm2 


fsm 1 


2x 
bState 
3x 
#Vector 


O.x 


sO-Terms 
sl-Terms 
s2-Terms 


0, O, v1-Vector 
1, 1, v2-Vector 
2, 2, v3-Vector 
0, 0, O, vO- Vector 


O, O, v1-Vector 
1, 1, v2-Vector 
2, 2, v3-Vector 

O, 1, vO-Vector 


O, O, v1-Vector 
1, 1, v2-Vector 
22. v3-Vector 
O22 


_ vO-Vector 


#1 
PORTA +REGBASE 
PORTA + REGBASE 


#2 
PORTA + REGBASE 
PORTA+REGBASE 


#4 
PORTA + REGBASE 
PORTA + REGBASE 
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Return: A=input 


- Current state 


; 3 save context 
-3 
-4 


; 3 get current state 

; 3 get state section 

73 

: 4 get offset to first term 


.3 


: 2size of term entry 


; 3save input 
; 4 input mask 


:4 compare to input match 


;4 restore input 
; 3if equal 


; 3 point at next term 
:3loop 


;4set next state 
:4 

: 4 get offset 

3 

3 

;-6 go doit 


-4 restore context 


- offsets to term entries 

: term entry table 

- mask match next offset 
: mask match next offset 


Ul 


‘ 


- mask match next offset 


- vector table 


. 
/ 
. 
‘ 
. 
UJ 
. 
Ul 


; do nothing 
: toggle PAO 


- toggle PA] 


- toggle PA2 


. 
U 
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four values: an input mask, an input 
match, the next state, and, finally, 
the offset from the start of the vec- 
tor table for the subroutine that is to 
be executed. 

e The vector table consists of a series 
of entries made up of subroutine ad- 
dresses. 

In many cases, the action for most 
input matches is the same (e.g., no 
operation). Therefore, if the last field 
in the term entry is an offset within 
the term table, it saves a great 
amount of space. 

In cases where there is not much 
commonality of actions, having the 
last field be the subroutine address 
can make the structure smaller as 
well as slightly faster. 

The FSM executes as such: On en- 
try, the FSM uses the value in the 
current state variable to find the off- 
set in the term table to the first term 
for that state. Then, the FSM loops 
through the term entries, masking 
the input with the input mask and 
comparing the result to the input 
match. 

If a match occurs, the current 
state is changed to the next state and 
the vector table offset is used to indi- 
rectly call the entry in the vector ta- 
ble. If the FSM loops through all 
term entries for the state without 
finding a match, an exception condi- 
tion exists. 

Typically, the last term entry has 
an input mask of 0 and an input 
match of 0, allowing an exception 
handler for that state. An alternative 
technique can have the FSM execute 
a general exception handler when 
there’s no match of any term. In this 
case, the state table entries must be 
expanded to include a term count for 
each state. 

In the example code listing given, 
the FSM engine assumes the exis- 
tence of three tables—states, terms, 
and vectors—with routines defined 
to toggle bits in Port A. The cycle 
count for each instruction is listed in 
the comment field. 

As can be seen from this code, 
FSMs provide a very fast and effi- 
cient technique for handling certain 
classes of problems. In fact, this 
mechanism is fast enough to be used 
at the heart of interrupt service rou- 
tines, as long as the called subrou- 
tines are equally efficient. 
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The Standard for Performance 

For over fifteen years engineers and 
OEMs alike have relied on PTS 
frequency synthesizers for unmatched 
stability, speed and spectral purity. 
These direct analog and direct digital 
synthesizers meet the most challenging 
systems development requirements... 
ATE systems, satcom, wireless, medical 
imaging, secure communications, and 
more. You'll also find them in 
production environments, where they 
play a key role in quality assurance. 

Our synthesizer models cover the 
100 KHz to 1 GHz band with 0.1 Hz 


Frequency 
Synthesis 
istolttel elele) 4 


FREE OFFER 





resolution. They are available with 
switching times from Iusec, spurious 
outputs as low as -75 dBc and 
outstanding phase noise characteristics 
(SSB phase noise at 1GHz, 1 KHz offset, 
-110 dBc/Hz). 


The Standard for Reliability 

PTS synthesizers were designed 
from the outset to deliver the best 
reliability in the business. We adhere to 
conservative derating practices, keep 
power consumption and internal heat 
buildup to an absolute minimum and 
subject finished systems to rigorous 
temperature cycling and electrical 
testing. The result: a field-proven 
25,000 hr MTBF. Since 1985 we've 
offered a full 2 year warranty and a 
flat-rate repair fee of just $350 for 
years 3 through 10. 

It’s time you had the best of both 
worlds. The best performance-price 
and the best reliability. Call today for 
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more information and we'll also send 
you a free copy of the RF Design 
Frequency Synthesis Handbook. 


Features and Options 
eBCD or GPIB remote control 
¢DDS with phase-continuous switching 


eQCXO, TCXO or external 
frequency standard 


eResolution to 0.1 Hz 
eDigital phase rotation 
eQutput power to +13dBm 
eProven 25,000 hr MTBF 
e2 yr warranty 


¢ $350 repair fee, yrs 3 - 10 
($500, Model PTS 1000) 


FSS 


PROGRAMMED TEST SOURCES, INC. 
9 Beaver Brook Road, Littleton, MA 01460 
Tel: 508 486-3008 Fax: 508 486-4495 
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phone line to various output jacks. 


WITHOUT SPECI AL ICS As a result, several phone devices 


could use the same line without first 
PAULR. WOODS picking up the line to determine if it’s 
745 W. 14th St., Medford, OR 97501; (508) 734-2081. a voice, fax, or data call.O 


593 9 DETECT RING SIGNALS — | Saesyacsshe Sees" 


iscriminating between tele- 
phone-ring signals and spu- 
rious signals on a phone line 
can be accomplished by us- 
ing dedicated ICs such as AT&T’s 
LB1006AB or Texas Instruments’ 
TMS1520A. However, if the system 
already is using a microcontroller, 
those dedicated chips can be replaced 
with simpler hardware and a few 
bytes of code. 

Looking at the setup (Fig. 1), the 
ringing voltage pulses the optoisola- 
tor’s LED, which in turn pulses the 
low-asserted RD line to the micro- 
controller. The firmware analyzes 


the pulses to determine whether a S 1. DETERMINING TELEPHONE RING SIGNALS and spurious signals on 





valid ringing signal is present. a phone line is possible without dedicated chips if the system already employs a 

The frequency limits of a valid sig- microcontroller. The chips can be replaced with simpler hardware and a few lines of code. 
nal are 20 to 80 Hz, which is modulat- 
ed 2 seconds on and 4 seconds off 
(with distinctive ringing, though, 
this cadence can vary). Therefore, 
the simplest analysis is to count 
down at least 20 pulses of RD in 1 
second (F129. 2). 

The routine could be expanded to 
determine what type of ring signal is 


EDITORIAL CALL: 
WANTED—MORE 


IDEAS FOR DESIGN 


We recently expanded the Ideas for 
Design section to include more items 
in each issue. This is an opportunity 
for our reader-engineers to gain rec- 
ognition for, as well as share, their in- 
novative ideas with other engineers 
throughout the world. We pay $100 
for each Idea for Design we publish, 
and the IFD voted best of the issue 
brings the author an additional $150. 

Submissions to the Ideas for De- 
sign section should be about one type- 
written page of text, with one or two 
circuit diagrams or block diagrams. 
They should represent the author’s 
original work, be tested to prove they 
actually work, and not have been pub- 
lished previously. Please include tele- 
phone and fax numbers, if available. 


Send your Ideas for Design to: 


Ring NOT 
detected 


Ring detected 
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ectronic Desi 

611 Resie 4G West 2. THE DIAGRAM intusirates the simplest way to analyze the 20-to-80-Hz frequency 
Hasbrouck Heights, N.J. 07604 limits of a valid signal that’s modulated 2 seconds on and 4 seconds off: Count down at least 
Fax: 201-393-0204 20 pulses of RD in 1 second. 
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hether you're looking for 

hundreds or millions — 
standard, custom or a proprietary 
design — you'll find precisely 
what you want, competitively 
priced, at DNA Group. 

From deceptively simple 
to ingeniously sophisticated, 
DNA Group's extensive line of 
switches sets the standard for 
quality and reliability where 
it counts most, in the hands of 
your customer. 


DNA Group gives you more 
choices. More options. More 
consistent quality. And we back 
our products with quick response 
and a strong commitment to serve 
every customer as if you were our 
only customer. 

DNA Group and its affiliated 
companies are well known 
throughout the world and were 
proud of the customer company 
we keep. 


DNA Group. Now that you 
know us there's really no reason 
to search the world over to find 
the switches you need. We're 
The Source that will serve your 
needs like no other switch 
company in the world. 

For more information and a 
free brochure write or call the 
DNA Group, Inc., PO Box 31727, 
Raleigh, NC 27622. Phone 919/ 
881-0889 or fax 919/881-0144. 
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A Recent Tektronix’ Report 
Listed Some Of LeCroy's 
Advantages. 


While we admire their candor.. 
here are a few of the 
things they missed: ro 


° The highest resolution 
display in the industry 


° Up to 4 simultaneous Zooms \ 
° Advanced Peak Detect system \ 
© Sophisticated Waveform Math 


e Internal Graphics Printer 


If you would like to get the \ 
whole story, call: X 


1-800-4LeCroy 


(1-800-453-2769) 


Soe 


LeCroy Corporation 
700 Chestnut Ridge Road 
Chestnut Ridge, NY 10977 


Tektronix is a registered trademark of Tektronix Corporation, Beaverton, OR 
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Bob’s MAILBOX 


Dear Mr. Pease: 

We are a garage operation startup 
that has just received a federal SBIR 
(Small Business Innovation Re- 
search) phase I grant to develop and 
evaluate several nontraditional tactile 
imaging sensors. Our literature search 
turned up two old magazine articles 
authored by Dudley B. Clark, Clark 
Electronic Labs, Palo Alto, Calif. In 
them, Mr. Clark talks about his pro- 
prietary piezoresistive pressure sen- 
sors that have a world of desirable 
features, e.g. large dynamic range, 
good resistance to overpressure dam- 
age, little hysteresis, low (and linear) 
thermal drift, little aging drift, good 
sensitivity and repeatability, lots of 
output ranging options, etc. 

The implication is that the materials 
employed change their fundamental 
resistivity when loaded (stressed). If 
true, this is quite different from those 
sensing technologies which depend on 
changes in internal connections, path 
length, and/or cross-section. Such sen- 
sors seem almost too good to be true. 

Clark said that his sensors were 
made of intermetallic “plastic” mate- 
rials composed of zirconium tetrachlo- 
ride and rare earths (presumably 
scandium, yttrium, and the lanthanide 
series elements or their compounds). 
I would like to include evaluation of 
Clark’s technology as part of our 
SBIR if more information can be ob- 
tained from Mr. Clark, his associates, 
his firm, its successor, or any other 
source. Unfortunately, time is short. 

So far, I cannot find hide nor hair of 
D.B. Clark or his firm. As you might 
expect, the publishers of the maga- 
zines have no records dating back to 
the ’50s and ’60s. 

If you or any of your readers can 
shed any light on this subject, I can be 
reached at (612) 881-2824. 

D. CAMERON SMITH 
The Oxboro Technical Group Inc. 
Bloomington, Minn. 

Does anybody know the where- 
abouts of Mr. Clark? Or where his 
technology may reside?2—RAP 
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Dear Bob: 

I was pleased to see your column in 
the May 2 issue about the oversimplifi- 
cation that is so often seen in the JIT 
process. Let me tell you my experience. 

I started with a major instrument 
manufacturer in Beaverton, Ore., in 
1977. During that time, it was difficult 
to get parts. They either couldn’t get 
the inventory they needed, or couldn’t 
efficiently distribute the inventory to 
where it was needed. So, in the early 
’80s, they built an “automated ware- 
house” with a vast capacity for compo- 
nents in computer-picked storage 
bins. They got the process up and run- 
ning, and eventually perfected their 
component delivery system. Then 
they got the JIT religion. A few years 
later, they held an auction to try to sell 
off a large number of assets (reducing 
staff from about 25K to 8K left them 
with a lot of extra stuff). As I recall, 
nobody even put in a bid for the stor- 
age system. 

It is possible that the high-level 
people understand the complex fac- 
tors involved in optimizing inventory. 
But the low-level people who actually 
buy the parts do not. A plastics manu- 
facturer was saying that he sells them 
a small part, a year’s supply of which 
would fit in the palm of your hand and 
cost 5 cents each. Instead they insist 
on buying these parts a week’s supply 
at a time at 50 cents each. This JIT is 
not costing them “a little bit more,” 
but “A LOT MORE,” at least on some 
items. It has been suggested they buy 
through distributors, who would hold 
stock for them at little additional cost. 
But that is contrary to the JIT relig- 
ion, so they won’t do it. 

The problem with the JIT method 
is that it compromises profit margins 
forever, or at least from the moment 
JIT is implemented until it is aban- 
doned. Every year, those higher JIT 
materials costs cut into the gross mar- 
gin. Tightening inventory through 
JIT releases cash from the balance 
sheet only once, as a one-time event 
occurring at implementation of the 
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JIT program. From then on, JIT im- 
pairs profitability every month of 
every year. Only a very shortsighted 
management team could expect to 
prefer a one-time cash-flow boost over 
long-term income statement profits. 

Since then, I’ve started a small com- 
pany, and our inventory decisions are 
not based on religious zeal. We consider 
our usage rate, how long it will take to 
get additional stock, physical size of the 
part, quantity pricing discounts, avail- 
ability from alternate sources, item cost 
and margin, and whether this is a criti- 
cal part of a larger system versus a 
minor accessory. 

If sales shoot up, we can build up 
and ship from stock until replacement 
materials arrive. If sales are slow, 
well, we have some money tied up in 
inventory. But I would rather we 
make continuing profits from sales of 
product (which leads to repeat sales, 


larger market share, and a more sta- 


ble income stream), than from ma- 
nipulating inventory to extract cash 
once (which leads to inability to meet 
demand, and loss of sales). 

When we introduced our first prod- 
uct nationally, we were overwhelmed 
with demand. On many parts, we found 
that we had bought up all of the avail- 
able inventory in the whole country! It 
is disheartening to call the largest 
North American distributors and find 
that their total nationwide stock of a 
critical part is fifty pieces. Since then, 
we have set up a relationship with a 
couple of smaller distributors to carry 
extra stock of critical components, so 
that even during a surge in demand we 
will not run out of stock. They get most 
of our semiconductor business. 

Bob, I think that part of our frustra- 
tion is that as engineers, we see the 
world as a bunch of tinker-toys that 
can be put together in various ways to 
achieve the results we want. Buyers 
can be clerical types who are used to 
strictly adhering to policies and rules, 
leaving little room for personal deci- 
sion making. And senior managers are 
sometimes so driven to achieve quar- 
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DAC DESIGNER TRACK 


CALL FOR PAPERS 


Keep on track... Show the EDA world 
that you are the best! 
Submit your ideas to DAC today! 


The Design Automation Conference, the premier 
conference in the DA field, has broadened its scope 
to include the use of automation in the design of 
electronic systems. The user oriented sessions of 
the 1994 DAC attracted large audiences and were 
very successful. 


We encourage submissions which will interest circuit 
and systems designers, design managers and DA 
support engineers. 


Now is your chance to participate in the 1995 DAC! 


SOME SUGGESTED TOPICS ARE: 
e Concurrent Engineering 

e Integration of Vendor DA 

e Design Reuse 

e Silicon Strategies: FPGA, PLD, ASIC 
e Design For Manufacture 


SUBMISSION TO DAC 

A submission to DAC can be a regular paper or a proposal for a panel, tutorial 
or a special session (a group of related papers or tutorials). You should contact 
all of the participants mentioned in your proposal for panel, tutorial, or special 
session before submission. 


¢ Top-Down Design Processes 

e Standards Issues: VHDL/CFI/EDIF 
¢ Modeling and Component Libraries 
¢ Quality in EDA Systems 

e Use of DA Tools 


DEADLINE: Submissions should be postmarked no later than October 7, 
1994. Notice of acceptance will be mailed by February 15, 1995. 


For more information and specific requirements for submission please 
contact: Design Automation Conference 
Attn: Designer Track 
5305 Spine Rd., Ste. Ae Boulder, CO 80301 
_ phone: (803) 530-4333 fax: (803) 530-4334 
email: DACINFO @dac.com 


To encourage those who have never submitted to DAC, assistance is available 
for the preparation of your proposal for a panel, tutorial, paper or special 
session. Please contact the address above. 


32nd Design Automation sae, 


y 

Conference’ 
San Francisco Moscone Center 
San Francisco, CA 
June 12 - 16, 1995 
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terly goals that they make decisions 
which sacrifice long-term success. 
RONALD M. JACKSON 

Chief Engineer 

Fascinating Electronics Inc. 
Beaverton, Ore. 

I agree, statements that JIT saves 
money are SUSPECT. Seems to be a 
case of “proof by repeated assertion.” 
If the world were a LINEAR place, 
the apples-and-oranges types would 
be heroes. But the world 1s NOT a 
linear place. Life ain't fair. (*!&*@% 
the bean counters.)—RAP 


Dear Mr. Pease: 

Your column in the May 30 issue, 
“What's All This Teledeltos Stuff, 
Anyhow?,” was interesting. You men- 
tioned having difficulty finding con- 
ductive paint. 

A recent problem with my tele- 
phone led me to find a conductive 
paint pen that works very well. The 
flexible circuit board that is used be- 
hind the keypad developed some 
open circuits. The plastic obviously 
doesn’t take to soldering without 
melting, so the only way to repair the 
traces is with a conductive paint. A 
few weeks before this incident, I had 
noticed a conductive paint pen avail- 
able at Halted Specialties, 3500 Ry- 
der St., Santa Clara, Calif. This pen 
makes it very easy to apply the paint 
just where you need it. 

The pen is called the “Circuit Works” 
conductive pen model 2200 and costs 
about $11.00. The company that manu- 
factures the pen is Planned Products, 
located at 303 Potrero St., Suite 53, 
Santa Cruz, Calif. 

PAUL N. LEONARD 

Sr. Controls Engineer 

Matheson Electronic Products Group 
San Jose, Calif. 

Exactly! That’s another good way 
to repair conductors that don’t like 
to be soldered—and to contact onto 
Teledeltos paper—RAP 


All for now. / Comments invited! 
RAP / Robert A. Pease / Engineer 
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Mail Stop D2597A 

National Semiconductor 
P.O. Box 58090 

Santa Clara, CA 95052-8090 
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When we embarked on our / 
mission to become a globa 
supplier of surface mount’ 
capacitors in the early 70's, 
Choutel toc thought we | Today, we still are, Our 
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Understanding Linear-Regulator 
Compensation Here’s how to specify the right value for a 


linear regulator’s output capacitor. 
BY KIERAN O’MALLEY 












Cherry Semiconductor Corp., 2000 S. County Trail, East Greenwich, RI 02818; (401) 885-3600. 


that describe linear regula- 

tors do not adequately cover 
the role of the output or com- 
pensation capacitor. Although 
compensation is typically asso- 
ciated with switching regula- 
tors, it’s also a requirement with 
low-drop and composite linear 
regulators. A standard or npn 
regulator generally doesn’t need 
an external compensation ca- 
pacitor because of the superior 
frequency response of the npn 
pass device. But in most low- 
drop or composite regulators, 
the pass device or pass-device 
driver is a lateral pnp transistor. 
Such transistors are inherently 
low-frequency cutoff devices, 
resulting in a poor transient re- 
sponse for the regulator. Hence 
the need for an external capaci- 
tor connected between the out- 
put and ground to provide filter- 
ing and compensation. 

For most designers, informa- 
tion on the choice of an output 
capacitor comes from the appli- 
cations section of the regulator 
data sheet, which typically con- 
tains a statement such as “an 


[: most cases, the data sheets 


Pass device 


Error . 


amplifier 


2. Any feedback sys- 
tem should have a 
closed-loop response 
that ensures uncondi- 
tional stability. The 
ideal system has a 
single-pole response 
at crossover. 


1. A low-drop linear 
regulator comprises a 
voltage reference, an 
error amplifier, and a 
series pass device. 





-20 db/decade 


-180°C due to 
negative feedback 


Phase margin 


Frequency 





Circuit is unstable if phase reaches -360°C when gain is >0dB 


output capacitor is required for 
stability.”” This is accompanied 
by a suggested value, with 10 pF 
being the favorite. Often, the de- 
signer uses the capacitor value 
given in the application diagram 
without worrying about how it 
was arrived at. This capacitor is 
not necessarily the most cost-ef- 
fective or best solution for a par- 
ticular application. 

The output or compensation 
capacitor determines three main 
characteristics of a linear regula- 
tor: start-up delay, load tran- 
sient response, and loop stabil- 
ity. Too large a value of capaci- 
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tor requires a longer time to 
charge fully. On the other hand, 
a completely discharged output 
capacitor will cause the regula- 
tor to current limit at start-up. 
The start-up delay is: 

A tart “= CV oth Bint 

Too small an output capacitor 
can result in overshoot on start- 
up, because the capacitor can 
charge to a high voltage before 
the control loop can respond. 
This is a problem if the regulator 
is powering sensitive logic or mi- 
croprocessor circuitry where ex- 
cess voltage can cause damage. 
Because it’s impossible to exam- 


Ml LINEAR-REGULATOR COMPENSATION 


ine all three characteristics at 
once, the designer should con- 
centrate on achieving a stable 
loop design. The start-up delay 
and load transient response can 
be checked later. 

For compensation, use a ca- 
pacitor with a low impedance 
Over a wide frequency range. 
For load transient response, se- 
lect a low ESR. The value 
should also make for a reason- 
able start-up delay. 

As a simplified block diagram 
of a low-drop linear regulator 
shows, the device consists of 
three basic parts (Fig. 1). For 
one, there must be a voltage ref- 
erence that’s independent of 
temperature and supply voltage. 
There must also be an error am- 
plifier to compare the voltage 
reference to a sample of the out- 
put voltage and to generate a sig- 
nal proportional to their differ- 
ence. The third major compo- 
nent is a series pass device to 
provide current to the load and 
regulate the output voltage. 

Any feedback system should 
have a closed-loop response that 
ensures unconditional stability. 
The ideal system has a single- 
pole response at crossover (Fig. 
2). The crossover frequency 
should permit quick response to 
load transients. The phase mar- 
gin should be above —180° at all 
the lower frequencies. | 

In reality, however, a low- 
drop linear regulator typically 
has three dominant poles, two of 
which are fixed by the design of 
the regulator IC. The first of 
these is determined by the error 
amplifier and generally occurs 
at frequencies between 10 and 
300 Hz. The second internal 








4. Three Bode plots 
show the effect of the 
output capacitor’s ESR 
on gain and phase 
margin. The test regu- 
lator is Cherry’s CS- 
8156 dual device and 
the capacitor value is 
22 WF. With an ESR 
of 3 1) on the 12-V 
output, there’s only 
10° of phase margin 
(a). Reducing the ESR 
to 1 1) increases the 
phase margin to about 
35° and gives a gain 
margin of about 20 dB 
(b). A “perfect” ca- 
pacitor with ESR of 
0.01 $2, however, may 
cause a problem with 
loop stability. Gain 
falls to zero at about 
8 kHz with almost no 
phase margin (c). 
Hence, it’s best to use 
a tantalum or alumi- 
num electrolytic ca- 
pacitor for compensa- 
tion rather than a film 
Capacitor, which may 
have too low a value 
of ESR. 


3. Of the three domi- 
nant poles for a low- 
drop linear regulator, 
two are fixed by the 
design of the regula- 
tor IC. The third pole 
results entirely from 
the load on the regu- 
lator and the output 
Capacitor, which is 
shown here in a sim- 
plified schematic. 





pole is due to the pnp pass device 
or to the pnp bias device in a 
compound regulator. It occurs 
at a frequency between 100 and 
300 kHz, depending on load. 
The third pole results entirely 
from the load on the regulator 
and the output capacitor. The 





















































higher the load current, the 
higher this pole will be in fre- 
quency for a given regulator. 
Therefore, at light loads, this 
pole may be lowest in frequency. 
A simplified load for a regulator 
is shown (Fig. 3). The transfer 
function is: 
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7 Capacitor: 22 uF 
: ESR: 0.012 
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M@ LINEAR-REGULATOR COMPENSATION 


(ESR+—L) xR 


(1) 


Ry, + ESR+— 
sC 


Ry (+ESRxsC)_ (1+Z}) 
1+sC(R, +ESR) (1+P,) 


(2) 


Zy,(s)= 





The pole added by the load is ata 
frequency given by: 


fea (3) 
2n(Ry, + ESR)C 
where R, is the load, which, for 
example, may be 12 V at 250 
mA. In that case, R; = 48 0. 
Obviously, this pole moves de- 
pending on the load, and its 
range of movement depends on 
the output capacitor. 
The ESR of the output capaci- 
tor adds a zero to the loop at a 
frequency given by: 
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5. Three graphs show 
typical capacitor char- 
acteristics. ESR is 
plotted versus fre- 
quency (a) and tem- 
perature (b), while ca- 
pacitance is shown 
versus temperature 
for a typical electrolyt- 
ic device (c). These 
variations are usually 
less for capacitors 
with higher voltage 
ratings but depend 
primarily on capacitor 
type and manufactur- 
er. 


100 kHz 





1 
= (ESRC 4) 
A capacitor with a high ESR 
value creates a zero at a low fre- 
quency close to the error ampli- 
fier or the load pole and cancels 
the effect of one of them. This 
gives a one-pole response but 
with significant gain up to high- 
er frequencies. Using such a ca- 
pacitor can result in insufficient 
phase margin and instability. 

A Spice run shows the Bode 
plot of Cherry’s CS-8156 dual 
regulator. The output capacitor 
is a 22-uF device with an ESR of 
3 9 on the 12-V output that 
leaves only 10° of phase margin 
(Fig. 4a). When the ESR is re- 
duced to 1 (1, phase margin rises 
to about 35° and a gain margin of 
about 20 dB is added (Fig. 4b). 
Output current and ambient 
temperature are 100 mA and — 
40°C in each case. 

A perfect capacitor (almost 
zero ESR) may also cause a 
problem with loop stability be- 
cause the zero due to the ESR is 
at a high frequency. The gain 
slope falls at a rate of -40 dB per 
decade (—2 slope) to 0 dB before 
the capacitor zero can affect the 
slope. Another Spice plot illus- 
trates this problem using a “‘per- 
fect” 22-uF capacitor on the 
output of the CS-8156 dual regu- 
lator (Fig. 4c). The gain falls to 
zero at about 8 kHz with almost 
no phase margin. For this rea- 
son, it’s best to use a tantalum or 
aluminum electrolytic capacitor 
for compensation rather than a 
film capacitor, which may have 
too low a value of ESR. 

The system designer will not 
be able to tell exactly where the 
internal poles are for a given reg- 
ulator. He will, however, be able 
to tell if the loop is stable by ob- 
serving the regulator’s output. 

A design’s stability depends 
on the following factors: 

1. Output-capacitor value: A 
higher value of output capacitor 
will make the regulator more 
stable. 

2. Capacitor ESR: In general, a 
capacitor with low ESR will im- 
prove the design’s stability. But 
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too low a value of ESR can theo- 
retically cause instability. 

3. Load current: Most regulators 
are more unstable when operat- 
ed in their low-to-medium load 
range, such as 100 mA for a 500- 
mA regulator. Fast changes in 
load current can also cause in- 
stability. 

4. Temperature range: At lower 
temperatures, the loop gain in- 
creases. In addition, the capaci- 
tor ESR rises while the capaci- 
tance value falls, making the de- 
sign more unstable. 

5. Supply voltage: At higher in- 
put voltages, the loop gain tends 
to increase, adding to instability. 

The output current, tempera- 
ture, and supply-voltage range 
are all known for a particular ap- 
plication. Therefore, the de- 
sign’s stability ultimately de- 
pends on the choice of capacitor. 

A capacitor value and type 
can be chosen based on cost, 
availability, size, or temperature 
constraints. A good starting 
point is the IC manufacturer’s 
recommended value. If possible, 
start with a tantalum capacitor 
of the recommended value and 
work toward a less costly solu- 
tion. Often overlooked by de- 
signers is the fact that a capaci- 
tor is affected by temperature, 
which can cause large variations 
in capacitance value and ESR. 

The ESR changes the imped- 
ance of the capacitor. It has the 
same effect as adding an external 
resistor in series. In an alumi- 
num capacitor, the ESR varies 
slightly except at low tempera- 
tures, where it can increase by a 
factor of up to 30 times. Most 
aluminum capacitors are unsuit- 
able for applications where they 
are likely to be exposed to tem- 
peratures below —40°C. If the de- 
sign must work at high tempera- 
tures, the capacitor must be rat- 
ed accordingly. Many alumi- 
num electrolytic capacitors only 
work to 85°C. 

Typical capacitor character- 
istics over temperature and fre- 
quency are shown (Figs. 5 a, b, 
and c). These variations are usu- 
ally less for capacitors with 
higher voltage ratings but de- 
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For half a century, Instrument 
Specialties has led the way in 
EMI/RFI shielding. Today we are the 
supplier of choice for beryllium 
copper (BeCu) gasketing. BeCu 
offers formidable tensile strength, 
exceptional stability, supenor 
thermal/electrical conductivity and 
ease of fabrication. 


One-stop shopping for al/ your 
EMI shielding. 


But more than 250 BeCu configu- 
rations were just the beginning. 
Instrument Specialties now offers 
wire mesh, conductive elastomers, 
vent panels and air filters. A com- 

plete line of EMI/RFI shielding 
_ solutions is on our shelf and ready 
to ship. Plus specialized platings 


and custom capabilities. 


— Kong: Bel Components Ltd., 852-327- 6880 


We want to be up front about 
our design help. 

Instrument Specialties engineers 
will work with yours night from the 
drawing board stage. Our Finite 
Element Analysis simulates real-life 
working conditions. With CAD/CAM, 
photoetching, wire EDM and other 
state-of-the-art technologies, we help 


you achieve a total shielding solution. 


And a lot fewer headaches. 


All Sites are 
Registered to the 
ISO 9000 Series 
of Standards 





Million dollar expansion of 
testing capability. 


A major capital investment has 
dramatically upgraded our ability to 
perform certified testing for all 
worldwide EMC specifications and 
standards in compliance with 
oes ue ete At our facility 

, > or yours. For full facts... 
for our new color 
brochure...for one-stop 
shielding, please write, 
call or fax today. 





4 Instrument Specialties 


Headquarters: Delaware Water Gap, PA 18327-0136 
TEL: 717-424-8510 FAX: 717-424-6213 


Western Division: 505 Porter Way, Placentia, CA 92670 
TEL: 714-579-7100 FAX: 714-579-7105 


Where Shielding european 
is a Science 


_ Japan: Kitagawa Industries Co., Ltd., 052-261-5521; Taiwan: Intermark Taiwan Co., Ltd., 052-261-2740; Korea: Korea Microwave 
es: Glocom Mktg Pte Ltd., 65-353-1791; Australia, New New Zealand, Pacific Islands: 


READER SERVICE 103 


RFI Industries Pty Ltd., 61 


Division: Champ Tignée 34, 4671 Barchon, Belgium 
TEL: + 32-41-877170 FAX: +32-41-877175 


Sales Co., 82-331-33-9985; Singapore, Malaysia, Indonesia, 
-3-762- 6733: India: RFI Electronic Ind. Ltd., 91-842-848358; 


M LINEAR-REGULATOR COMPENSATION 


pend primarily on capacitor 
type and manufacturer. 

The first step in determining 
the correct output capacitor is to 
place the completed circuit 
(with a tantalum capacitor of 
the manufacturer’s recommend- 
ed value) in an environmental 
chamber set to the lowest speci- 
fied operating temperature and 
monitor the output on an oscil- 
loscope. If no capacitor is rec- 
ommended, begin with 10 pF. A 
decade box connected in series 
with the capacitor will simulate 
the higher ESR of an aluminum 
electrolytic capacitor. 

With the input voltage at its 
maximum, slowly increase the 
load current from minimum to 
maximum while watching the 
output for any oscillations. This 
confirms that the capacitor is 
large enough to ensure stability 


under steady-state conditions. 

Next, increase the ESR of the 
capacitor from zero using the 
decade box and vary the load 
current until oscillations begin. 
Record the values of load cur- 
rent and ESR that cause the 
greatest oscillation. This is the 
worst-case load condition for 
the regulator at low tempera- 
ture. Then vary the input volt- 
age while maintaining worst- 
case load conditions to see if the 
oscillations increase. Go up or 
down to the next standard ca- 
pacitor value and repeat the ma- 
nipulations of ESR and load 
current to optimize perfor- 
mance. 

Then, test the load transient 
response by switching in various 
loads at several frequencies. 
This will determine the stability 
of the design in a real working 





6. When testing for 
load transient re- 
sponse, the load and 
frequency should be 
compatible with what 
the regulator will see 
in its actual applica- 
tion. Vary the ESR to 
reduce the ringing. 
Spice plots show the 
transient response of 
the CS-8156 regulator 
using a 22-LF capaci- 
tor with an ESR of 3 


Q) (a) and 1 2 (b). 
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environment. The load and fre- 
quency should be compatible 
with what the regulator will see 
in its actual application. Vary 
the ESR to reduce the ringing. 
The Spice plots in Figs. 6a and b 
show the transient response of 
the CS-8156 regulator using a 
22-uF capacitor with an ESR of 
3M and 1 Q, respectively. 

Remove the unit from the en- 
vironmental chamber and heat 
the IC using a heat gun to see if: 
the oscillations increase with 
temperature. Vary the load cur- 
rent to see if the design oscil- 
lates. With most regulators, cold 
temperatures cause trouble, but 
it’s best to find out now. 

With the minimum capacitor 
value and maximum ESR estab- 
lished, a safety factor should be 
added to allow for the tolerance 
of the capacitor and for any vari- 
ation in regulator performance. 
Most good-quality aluminum 
electrolytic capacitors have a 


- tolerance of 20%. Therefore, 


the minimum value found 
should be increased by at least 
50% to allow for this tolerance 
plus the variation which will oc- 
cur at low temperatures. The 
ESR of the capacitor should be 
less than 50% of the maximum 
ESR found. 
References: 
Motorola Inc., Linear/Switch- 
mode Voltage Regulator Hand- 
book, 2/89, Rev. 3 
Simpson, Chester, ‘‘Under- 
standing Three-Terminal Regu- 
lators, Electronic Design, Jan. 
21, 199350277 

Special thanks to Bob Lanoue, 
George Schuellein, and Paul Sis- 
son of CSC. 


Kieran O'Malley is an applica- 
tions engineer at Cherry Semi- 
conductor Corp. Originally from 
County Mayo, Ireland, O’Mal- 
ley holds a BSEE from the Uni- 
versity of Limerick. 


HOW VALUABLE? 


HIGHLY CIRCLE 551 
CIRCLE 552 
CIRCLE 553 


MODERATELY 
SLIGHTLY 


‘V SHIELDED RCA JACKS 
OFFER EMI PROTECTION 

Unlike most RCA connectors which 
are injection molded, an improved 
line of RCA jacks is made with metal 
brackets in one-, two-, or three-posi- 
tion heights as well as multiple 
widths. The units offer a measure of 
EMI/RFI protection as well as 
grounding capability and ease of as- 
sembly if attachment to a frame is 
required. Center-pin connections are 
made from phosphor bronze materi- 


made possible by the Torson 0.050-in. 
centerline connectors. Locating 
bosses have been added to the bot- 
tom of the surface-mount connec- 
tors. The units feature Hertz risers, 
which yield high stress/normal force 
and long contact wipe. Their contact 
design uses a receptacle-box contact 
and a twisting motion during contact 
mating. Applications include porta- 
ble computers, mobile and cellular 
phones, radar detectors, and other 
hand-held systems. Call for pricing. 





INTERCONNECTIONS 


wiring compatibility to EIA/TIA 568 
specs. When installed with the prop- 
er category cable, the Epitome mod- 
ule handles connections for equip- 


Elco U.S.A. 
Huntingdon Industrial Park 
Huntingdon, PA 16652-9429 


al for superior conductivity and long 
life. Call for pricing and delivery. 
Connect-Tech Products Inc. 





25383 N. Carson St. (814) 643-0700 ment designed around unshielded 
Suite 1370 > CIRCLE 613 twisted-pair cable without rewiring 
Carson City, NV 89706 or reworking existing cabling. Call 
(800) 967-5224 V EIGHT-WIRE OUTLET for pricing and delivery. 
> CIRCLE 612 MAKES LAN CONNECTIONS Thomas & Betts 
Designed as a complete system for Dept. PW 
VY 0.050-IN. CONNECTORS data and local-area-network connec- 1555 Lynnfield Rad. 
OFFER LOCATING BOSSES tions, the Epitome eight-wire remov- Memphis, TN 38119 
Accurate registration on solder pads able termination outlet enables full (800) 247-9378 
during high-speed placement is duplex eight-wire termination for > CIRCLE 614 


CONNECTOR AND PACKAGING MANUFACTURERS 


3M Altech Corp. Danbury, CT 06810 BICC-Vero Electronics Inc. 
Electronic Products Div. 35 Royal Rd. (203) 743-9272 1000 Sherman Ave. 

6801 River Place Blvd. Flemington, NJ 08822-6000 (RF) (CX) (CD) (MD) (HV) Hamden, CT 06514 

Austin, TX 78726-9000 (908) 806-9400 (CO) (SH) (ER) (FR) (203) 288-8001 CTS Connector Products 

(800) 328-0411 (Di) (CD) (HC) (GP) CIRCLE 810 (D1) (BP) (VB) (MB) (IB) (BU) 9210 Science Center Dr. 

(Di) (PG) (BI) (SH) (WT) (CM) (GP) (CN) (IN) (VR) (WT) (PT) New Hope, MN 55344 

CIRCLE 800 CIRCLE 805 (EM) (CM) (ER) (612) 533-3533 

CIRCLE 816 (SM) (MD) (ML) (BP) (VB) 

(SB) (MB) (GB) 

CIRCLE 822 


(CC) (Bl) 
CIRCLE 821 


Andon Electronics Corp. 
4 Court Dr. 

Lincoln, Ri 02865 

(401) 333-0388 

(CE) (CC) (DP) (PG) (CD) 
CIRCLE 811 


AMP Inc. 

P.O. Box 3608 
Harrisburg, PA 17105-3608 Schiller Park, IL 60176 
(800) 522-6752 (708) 671-6670 

(RF) (CX) (DS) (DI) (EL) (FC) (GP) (BM) (CN) (VR) (PT) 
(CE) (ID) (Z1) (SM) (CC) (DP) (EM) (MI) (CM) 

(PG) (CD) (MD) (BI) (HV) CIRCLE 806 

(HC) (RP) (FO) (BP) (VB) 
(SB) (MB) (BU) (GB) (CO) 
(FL) (TW) (SH) (PW) (EM) 
(MI) (CM) (ER) 

CIRCLE 801 


Amco Engineering Co. 
3801 Rose St. Belden Wire & Cable Co. 
P.O. Box 1980 

Richmond, IN 47375 

(317) 983-5200 

(CO) (FL) (TW) (SH) (PW) 
CIRCLE 817 


CW Industries 

130 James Way 
Southampton, PA 18966 
(215) 355-7080 

(DS) (Dl) (FC) (CE) (ID) 
(SM) (CD) (MD) (RP) 
CIRCLE 823 


Aptix Corp. 

2890 N. First St. 
San Jose, CA 95134 
(408) 428-6200 

(PC) (VB) 

CIRCLE 812 


Amerace Electronic 
Components 

7474 Utilities Rd. 

Punta Gorda, FL 33982 

(813) 575-8400 

(Dl) (CE) (CD) (HV) (HC) 

CIRCLE 807 


Berg Electronics Inc. 

150 Corporate Dr., Suite 201 
Camp Hill, PA 17011 

(800) 237-2374 Cambion Interconnection 
(CX) (DS) (DI) (FC) (CE) (ID) Products Ltd. 

(Zl) (SM) (CC) (CD) (HC) (RP) P.O. Box 402 

(FO) (FL) (SH) (HN) Topsfield, MA 01983 
CIRCLE 818 (800) 947-1256 

(ID) (SM) (DP) (PG) 

(CD) (MD) 

CIRCLE 824 


Aries Electronics Inc. 
P.O. Box 130 
Frenchtown, NJ 08825 
(908) 996-6841 

(21) (SM) (DP) (CD) (Bl) 
CIRCLE 813 


Aavid Engineering Inc. 

One Kool Path, P.O. Box 400 

Laconia, NH 03248-0400 

(603) 528-3400 American Insulated 

(GP) Wire Corp. 

CIRCLE 802 36 Freeman St., P.O. Box 880 
Pawtucket, RI 02862-0880 

Advanced Interconnections (401) 726-0700 

5 Energy Way, P.O. Box 1019 (CO) (FL) (TW) (PW) (HK) 

West Warwick, RI 02893 CIRCLE 808 

(401) 823-5200 

(ZI) (SM) (CC) (DP) (PG) 

(CD) (MD) (WR) 

CIRCLE 803 


Bravo Communications Inc. 
1310 Tully Rd., Suite 107 
San Jose, CA 95122 

(408) 297-8700 

(AU) (CX) (DS) (CO) (FL) 
(TW) (SH) (ES) (MG) (ER) 
CIRCLE 819 


Atlas/Soundolier 

Atapco Security 

& Communications Group 
1859 Intertech Dr. 
Fenton, MO 63026 
(314) 349-3110 
(GP) (CN) (VR) (PT) (CM) 
CIRCLE 814 


Chomerics Inc. 

77 Dragon Ct. 

Woburn, MA 01888 

(617) 935-4850 

(ER) (GK) (FR) (SE) (TB) 
(RC) (VE) 

CIRCLE 825 


Amphenol Aerospace 
Bendix Connector 
Operations 

40-60 Delaware St. 

Sidney, NY 13838-1395 

(607) 563-5011 

(AU) (CX) (CE) (ZI) (SM) (CD) 452 John Dietsch Bivd. 

(MD) (HV) (HC) (RP) (FO) North Attleboro, MA 02760 

CIRCLE 809 (508) 699-7646 

(Dl) (FC) (CE) (ZI) (DP) (PG) CTI Technologies inc. 

CIRCLE 815 7855 E. Evans Rd., Suite A 

Scottsdale, AZ 85260 
(602) 998-1484 


Bud Industries Inc. 

4605 E. 355th St. 

Willoughby, OH 44094 

Augat Inc. (216) 946-3200 
Interconnect Products Div. (GP) (CN) (IN) (VR) (PT) 

(EM) (CM) 

CIRCLE 820 


Alpha Wire Corp. 

711 Lidgerwood Ave. 
Elizabeth, NJ 07207-0711 
(908) 925-8000 

(CX) (DS) (FC) (CO) 

(FL) (TW) (SH) (PW) (HK) 
(CA) (GP) (WT) (EM) (ER) 
(SE) (TB) 

CIRCLE 804 


Amphenol Corp. 
RF/Microwave Operations 
One Kennedy Ave. 


(see p. 136 for key) 
(continued on p. 130) 
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Cole-Flex Corp. 

91 Cabot St. 

West Babylon, NY 11704 
(516) 249-6150 

(TB) 

CIRCLE 826 


Comm Con Connectors Inc. 


1848 Evergreen St. 

Durante, CA 91010 

(818) 301-4200 

(FC) (ID) (ZI) (SM) (DP) (CD) 
CIRCLE 827 


Components Corp. 
6 Kinsey PI. 
Denville, NJ 07834 
(201) 627-0290 
(CE) (SM) (CC) 
CIRCLE 828 


Dawn VME Products Inc. 
47073 Warm Springs Blvd. 
Fremont, CA 94539 

(800) 258-DAWN 

(BP) (VB) (GB) (GP) (BM) 
(VR) (CM) 

CIRCLE 829 


Deutsch 

Commercial Products Div. 
700 S. Hathaway 
Banning, CA 92220 
(909) 849-4568 
(SM) (CD) (MD) (HV) (HC) 
(HN) 


CIRCLE 830 


Dimensional Circuits Corp. 
9400-K Activity Rd., #K 
San Diego, CA 92126 

(619) 549-4290 

(PG) (CD) 

CIRCLE 831 


ERNI Components Inc. 
520 Southlake Blvd. 
Richmond, VA 23233 
(804) 794-6367 

(RF) (CX) (DS) (Di) (CE) 
(ID) (SM) (MD) (HV) (HC) 
(FO) (CM) 

CIRCLE 832 


Eby Co. 

4300 North H St. 
Philadelphia, PA 19124 
(215) 537-4700 

(AU) (CE) (CD) (MD) (HV) 
(HC) (FX) (BP) (HN) 
CIRCLE 833 


Elco U.S.A. 
Huntington Industrial Park 
Huntington, PA 16652 
(814) 653-0700 

(Dl) (FC) (CE) (ID) (21) 
(SM) (CD) (MD) (RP) 
CIRCLE 834 


Elcon Products Int'l. Co. 
P.O. Box 1885 

Fremont, CA 94538 

(510) 490-4200 

(CD) (MD) (HC) (RP) 
CIRCLE 835 


Eldre Corp. 

1500 Jefferson Rd. 
Rochester, NY 14623 
(716) 427-7280 

(BB) 

CIRCLE 836 
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Electrical Insulation 
Suppliers 

300 N. Mannheim Rd. 

Hillside, IL 60162 

(708) 547-5400 

(SS) (DD) (ML) (PC) (CO) 

(FL) (TW) (SH) (WV) (PW) 

(MN) (HK) (HN) (CA) (BB) 

(ES) (MG) (ER) (GK) (FR) 

(SE) (TB) (RC) (VE) (WN) 

CIRCLE 837 


Electronic Solutions 
6790 Flanders Dr. 

San Diego, CA 92121 
(619) 452-9333 

(WR) (BP) (VB) (MB) (BU) 
(GP) (BM) (VR) (EM) (CM) 
CIRCLE 838 


Elform Inc. 

P.O. Box 7362 
Reno, NV 89510 
(702) 829-1905 
(EL) 

CIRCLE 839 


Elma Electronic Inc. 

44350 S. Grimmer Blvd. 
Fremont, CA 94538 

(510) 656-3400 

(DI) (ML) (WR) (BP) (VB) 
(MB) (IB) (BU) (SH) (HN) (BB) 
(GP) (IN) (VR) (WT) (PT) (EM) 
(Ml) (CM) (ER) (GK) 

CIRCLE 840 


Elmec Manufacturing 
4127 Avenida De La Plata 
Oceanside, CA 92056 
(619) 631-0202 

(FC) (DP) (CD) (FX) (FL) 
(SH) (HN) 

CIRCLE 841 


Emcor Products/Crenio inc. 
1600 N.W. Fourth Ave. 
Rochester, MN 55901 

(507) 289-3371 

(GP) (CN) (IN) (VR) (WT) 
(EM) (MI) (CM) (ER) 

CIRCLE 842 


Emulation Technology Inc. 
2344 Walsh Ave., Bidg. F 
Santa Clara, CA 95054 
(408) 982-0660 

(ZI) (SM) (CC) (DP) 

(PG) (CD) (Bl) 

CIRCLE 843 


Equipto Electronics Corp. 
351 Woodiawn Ave. 
Aurora, |L 60506-9988 
(708) 897-4691 

(GP) (BM) (CN) (IN) (VR) 
(PT) (EM) (Ml) (CM) 
CIRCLE 844 


Feller U. S. Corp. 

72 Veronica Ave., Unit #4 
Somerset, NJ 08873 

(908) 247-7333 

(SH) (PW) (HN) 

CIRCLE 845 


Fujitsu Microelectronics Inc. | 


Electronic Component Div. 
3545 N. First St. 
San Jose, CA 95134-1804 
(800) 642-7616 


(DS) (FC) (CE) (ID) 
(SM) (DP) (CD) 
CIRCLE 846 


G & H Technology inc. 
750 W. Ventura Blvd. 
Camarillo, CA 93010 
(805) 484-0543 

(CD) (MD) (FO) (ES) (ER) 
CIRCLE 847 


Garrett Electronics Corp. 
149 Geary Ave. 

New Cumberland, PA 17070 
(717) 774-7923 

(DS) (FC) (CE) (ID) (CD) (FL) 
(TW) (SH) (PW) (HK) (HN) 
CIRCLE 848 


Garry Electronics 
WPI Inc. 

23 Front St. 

Salem, NJ 08079-1047 

(609) 935-7601 

(DS) (21) (PG) 

CIRCLE 849 


Graphic Research Inc. 
9334 Mason Ave. 
Chatsworth, CA 91311 
(818) 886-7340 


(SS) (DD) (ML) (FX) (BP) (PC) 
CIRCLE 850 © 


Haewa Corp. 

4357-B Park Dr. 
Norcross, GA 30093 
(404) 921-3272 

(GP) (BM) (CN) (IN) (VR) 
(WT) (CM) | 
CIRCLE 851 


Handy & Harman Tube Co. 
Inc. 

701 E. Township Line Rd. 

Norristown, PA 14403-4629 

(215) 539-3900 

(TB) 

CIRCLE 852 


Harting Elektronik Inc. 
2155 Stonington Ave., #212 
Hoffman Estates, IL 60195 
(708) 519-7700 

(CX) (DS) (Dl) (FC) (ID) 
(HV) (HC) (RP) (FO) 
CIRCLE 853 


Hirose Electric (U.S.A.) Inc. 
2688 Westhills Ct. 


- Simi Valley, CA 93065-6235 


(805) 522-7958 

(AU) (RF) (CX) (DS) (D1) 
(FC) (CE) (ID) (ZI) (SM) 
(CC) (DP) (PG) (CD) (MD) 
(HV) (HC) (RP) (FO) (CO) 
(FL) (MG) (ER) 

CIRCLE 854 


Hybricon Corp. 

12 Willow Rd. 

Ayer, MA 01432 

(508) 772-5422 

(SS) (DD) (ML) (WR) (BP) 
(VB) (MB) (BU) (GB) (GP) 
(BM) (VR) (PT) (EM) (CM) 


(seep. 136 forkey) _ 
(continued on p. 132) 








INTERCONNECTIONS 


Vv PCMCIA CONNECTORS’ 
LEADS BEAR SOLDER 

A precise and predetermined amount 
of solder and flux is attached to each 
lead on Teka’s SBL Series PCMCIA 
pe-card connectors, eliminating cost- 
ly hand soldering and rework. Be- | 
cause the leads of such connectors 
straddle both sides of the board, they 
typically can’t be picked-and-placed 
onto the solder paste. Work-arounds 
involving placing all leads on one 
side of the board lead to other pro- 








cessing difficulties. Teka’s approach 
is intended to fully address high-vo- 
liume, high-yield attachment. The 
connectors cost $2.33 in lots of 
10,000, depending on configurations. 
Delivery is from four to eight weeks. 

Teka Interconnection Systems 

Inc. 

45 Salem St. 

Providence, RI 02907-2888 

(401) 785-4110 

> CIRCLE 610 


VW SAFE BANANA JACKS 
ACCEPT 4-MM PLUGS 


A line of four pressfit insulated ba- 
nana jacks enable connections to in- 
struments and test fixtures with 
standard-sized (4-mm) safety banana 
plugs. The shielded jacks are de- 
signed for applications that require 
user protection from shock hazards 
or compliance with accepted stan- 





dards. All four permit quick mount- 
ing in holes in metal or plastic sur- 
faces. In addition, all feature 15-A 
ratings and come in red or black. 
Construction is of nylon insulation 
and nickel-plated brass jacks. 

Mueller Electric Co. 

1583 E. 31st St. 

Cleveland, OH 44114-4354 

(216) 771-5225 

> CIRCLE 611 
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Slippery details. Scary surprises. Do your 

interconnect problems have constricting 

electronic and mechanical requirements? Let us 

handle them. We provide complete interconnect systems. 
By getting involved early, asking the right questions, we 
consider all applications of your system, including 


flexing needs and sterilization. And we engineer 









those needs into smaller and more precise 


electronic equipment. We’re using conductors as 


Precision Interconnect, 16640 S.W. 72nd Avenue, Portland, OR 97224 


small as 44 AWG. High-speed coaxes with up to 93% 
velocity of propagation. Terminations to standard industry 
connectors or to specially designed custom connectors, 
including one that allows conductors to be terminated 
i at a density of over SOO contacts per square inch. And 


terminations on flex circuits 





with center line spacing smaller 


PRECISION 
INTERCONNECT 


————-—- ain. AMP company 


than 0.025”. That’s today. 


Tomorrow? Just tell us what you’re trying to tame. 


(S03) 620-9400 Fax (503) 620-7131. Sales offices in U.S., Europe and Japan. 
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Hypertronics Corp. 
16 Brent Dr. 
Hudson, MA 01749 
(800) 225-9228 
(CE) (Z1) (CD) (MD) 
(BI) (HV) (HC) (RP) 
CIRCLE 856 


ITT Cannon 
Commercial/industrial 
1851 E. Deere Ave. 
Santa Ana, CA 92705 
(714) 261-5300 
(AU) (DS) (DI) (21) (SM) 
(CD) (RP) (FO) (ER) 
CIRCLE 857 


ITT Pomona Electronics 
1500 E. 9th St. 

Pomona, CA 91766 

(714) 623-3463 

(AU) (RF) (CX) (SM) (DP) 
(PG) (CD) (GP) (PT) 
CIRCLE 858 


Industrial Custom Products 
Ltd. 

5200 Quincy Ave. 

Mounds View, MN 55112 

(612) 785-2266 

(CC) (ES) (ER) (GK) 

CIRCLE 859 


Instrument Specialties Co. 
Inc. 

P.O. Box A 

Delaware Water Gap, PA 
18327 

(717) 424-8510 

(RF) (DS) (Dl) (EL) (CD) (ES) 

(ER) (GK) (SE) (TB) (VE) 

CIRCLE 860 


Interlogic Industries 

85 Marcus Dr. 

Melville, NY 11747 

(516) 420-8111 

(ML) (WR) (BP) (VB) (MB) 
(IB) (IN) 

CIRCLE 861 






Interplex Industries 
Teka Interconnection 
Systems 

45 Salem St. 

Providence, RI 02907 

(401) 785-4110 

(Dl) (CE) (SM) (CD) 

CIRCLE 862 





lronwood Electronics Inc. 
P.O. Box 21-151 

St. Paul, MN 55121 

(612) 431-7025 

(Z1) (SM) (DP) (PG) (CD) 
(BI) (WR) (PC) 

CIRCLE 863 


J.S.T. Corp. 

1200 Business Ctr. Dr., #400 
Mt. Prospect, IL 60056 

(708) 803-3300 

(DS) (Dl) (FC) (CE) (ID) (ZI) 
(SM) (CD) (HV) (HC) 
CIRCLE 864 







JAE Electronics inc. 

142 Technology Dr., Bldg. 100 
Irvine, CA 92718 

(714) 523-2600 

(DS) (FC) (CE) (ID) (ZI) (SM) 
CIRCLE 865 


ESS 
CONNECTOR AND PACKAGING MANUFACTURERS 


Kycon Cable & Connector 
Inc. 

1810 Little Orchard St. 

San Jose, CA 95125 

(408) 295-1110 

(AU) (CX) (DS) (Dl) (FC) (CE) 

(ID) (Z1) (SM) (CC) (PG) (CO) 

(TW) (SH) (PW) (ER) 

CIRCLE 866 


L-Com Inc. 

1755 Osgood St. 

North Andover, MA 01845 
(508) 682-6936 

(RF) (CX) (DS) (CO) 
(TW) (SH) 

CIRCLE 867 


LEMO USA Inc. 


335 Tesconi Cir. 


Santa Rosa, CA 95401 
(800) 444-5366 


(AU) (RF) (CX) (SM) (CD) 


(HV) (HC) (FO) 
CIRCLE 868 


LZR Electronics inc. 

8051 Cessna Ave. 
Gaithersburg, MD 20879 
(301) 921-4600 

(AU) (CX) (DS) (Dl) (FC) (CD) 
(RP) (FL) (PW) (ER) 

CIRCLE 869 


Lansing Instrument Corp. 
P.O. Box 730, 750 Willow Ave. 
Ithaca, NY 14851-0730 

(607) 272-3265 

(GP) (BM) (IN) (CM) 

CIRCLE 870 


Lumberg Inc. 

11351 Business Center Dr. 
Richmond, VA 23236 

(804) 379-2041, ext. 301 

(AU) (Dl) (FC) (ID) (SM) (PW) 
CIRCLE 871 


Lutze Inc. 

1911-A Associates Lane 
Charlotte, NC 28217 
(704) 357-8835 

(FL) (SH) (PW) 

CIRCLE 872 


Markel Corp. 

P.O. Box 752 
Norristown, PA 19404 
(215) 272-8960 

(SH) (HK) (CA) (TB) 
CIRCLE 873 


McKenzie Technology 

910 Page Ave. 

Fremont, CA 94538 

(510) 651-2700 

(ZI) (SM) (CC) (DP) (PG) (CD) 
CIRCLE 874 


Meritec 

Div. of Associated 

Enterprises 
1359 W. Jackson St. 

P.O. Box 8003 
Painesville, OH 44077 
(216) 354-3148 
(CX) (FC) (CE) (SM) (PG) 
(CD) (RP) (CO) (FL) (TW) 
(SH) (WV) 

CIRCLE 875 


Methode Electronics Inc. 
Corporate Sls./Mktg. 

7444 W. Wilson Ave. 

Chicago, IL 60656 

(708) 867-9600 

(Dl) (CE) (ID) (21) (SM) (CC) 

(CD) (FO) (SS) (DD) (ML) 

(FX) (PC) (HN) (BB) 

CIRCLE 876 


Micro Plastics Inc. 
Connector Div. 

9180 Gazette Ave. 

Chatsworth, CA 91311 

(818) 882-0244 

(CE) 

CIRCLE 877 


Mill-Max Mfg. Corp. 

190 Pine Hollow Rd. 

Oyster Bay, NY 11771 

(516) 922-6000 

(ZI) (SM) (CC) (DP) (PG) (CD) 
CIRCLE 878 


Minco Products Inc. 
7300 Commerce Ln. 
Minneapolis, MN 55432 
(612) 571-3121 

(FX) 

CIRCLE 879 


Molex Inc. 

2222 Wellington Ct. 
Lisle, IL 60540 

(708) 969-4550 

(RF) (DS) (DI) (FC) (CE) 
(ID) (Z1) (SM) (DP) (PG) 
(CD) (HC) (FO) 

CIRCLE 880 


Mupac Corp. 

A Carlo Gavazzi Group Co. 
10 Mupac Dr. 
Brockton, MA 02703 
(508) 588-6110 
(WR) (BP) (VB) (MB) (1B) 
(BU) (GB) (GP) (VR) (PT) 
(EM) (MI) (CM) 
CIRCLE 881 


Nemal Electronics Inc. 
12240 N.E. 14th Ave. 
North Miami, FL 33161 
(305) 899-0900 

(AU) (RF) (CX) (CO) (TW) 
(SH) (HK) 

CIRCLE 882 


ODU U.S.A. 

Sub. of Otto Dunkel GmbH 
4620 Calle Quetzal 
Camarillo, CA 93012-8558 
(805) 484-0540 
(AU) (CX) (DS) (Di) (FC) 
(CE) (ID) (ZI) (SM) (CD) 
(MD) (BI) (HC) (RP) 

CIRCLE 883 


Optima Electronic 
Packaging Systems 

2166 Mountain Industrial Bivd. 

Tucker, GA 30084-5088 

(404) 496-4017 

(BP) (GP) (CN) (IN) (VR) 

(EM) (MI) (CM) (ER) 

CIRCLE 884 


(see p. 136 for key) 
(continued on p. 134) 


‘Vv PC-BOARD CONNECTOR 
TRAPS STRIPPED WIRING 

An easy-to-connect pe-board Wire- 
Trap connector mates with the 
stripped end of 16 and 18 AWG solid 
and 18 and 20 AWG stranded wire. 
The BA-2675-XXX-X right-angle and 
BA-2634-XXX-X vertical connectors 


feature a contact design that pro- 





vides for rapid, simple field installa- 
tion. Ratings are 6 A per circuit at 
600 V ac and units are available in 
from three to 10 positions. Call for 
pricing and delivery. 

Methode Electronics Inc. 

Interconnect Products Div. 

1700 Hicks kd. 

Rolling Meadows, IL 60008 

(800) 323-6864 

> CIRCLE 615 


W LOW-PROFILE BNC JACK 
IS FULLY SHIELDED 

Featuring the lowest profile avail- 
able, a right-angle BNC jack is well 
suited for use in 10Base2 LAN inter- 
connections, radio telecommunica- 
tions, broadcast and medical equip- 
ment, computers, precision video, 
and test instruments. The fully 






shielded jack is constructed of a zine 
alloy that’s then plated with nickel. 
Phosphor-bronze contacts are plated 
with 15 pin. of gold. Pricing is $3.50 
in small quantities. Delivery is from 
stock. 

Bomar Interconnect Products 

Ine. 

1850 Route 46 East 

Ledgewood, NJ 07852 

(201) 347-4040 

> CIRCLE 616 
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When Techron began 
making power ampli- 
fiers in 1951, we had 
no idea how such 
technology would 
come to impact hu- 
man life. What be- 
gan as the power 
source for the music 
industry grew into the 
wellspring for some 
of mankind’s greatest 
achievements and 
most exciting new developments. A pathway to 
which Techron is fully dedicated. 


Techron’s reputation for creating a reliable high- 
power source led first to industrial and medical 
applications. A leading blue-chip company re- 
quired the power, speed and fidelity to power 
Magnetic Resonance Imaging systems that only 
a Techron amplifier could provide. Techron re- 
sponded with a custom product that supplied the 
gradient sub-system with precise, controlled, re- 
liable power day after day. 


The Techron spark of ingenuity has paved nu- 
merous inroads to a better way of life. After MRI 
applications came many exciting new fields of 
research. Most recently, research to make other 








WE POWER YOUR STRONGEST IDEAS. 


medical procedures safer 
and less painful. The 
clean, steady reliability of 
Techron power is there. 


Techron’s influence has 
been truly far-reaching. 
In chemical analysis, ex- 
panding the ways X-rays 
create images. Guiding 
new ways of thinking in 
space exploration. Pow- 
ering oil exploration. Vi- 
bration test systems. Quality assurance testing 
for transformers, capacitors and cable harnesses. 
Recycling methods. Radar installations. Auto- 
motive research for safer vehicles of the future. 
Safer mining by underground signalling. Particle 
acceleration studies. Noise-reduction research. 
Digital simulation to test protective relays used by 
the electrical power generation and transmission 
companies. 


It started with a product: Strong, clean, reliable 
power amplifiers. But it grew to fuel a generation 
of strong new ideas that not only are improving 
our lives today, but building a better future. We're 
proud to be a part of it. And we’re committed to 
staying here. Right behind your greatest ideas. 
For literature call 1-800-933-7956. 


TECHION._— 


1718 West Mishawaka Road, Elkhart, Indiana 46515 -1000 
(219) 294-8300 for Sales and Applications Engineers 
Techron is a division of Crown® International Inc. 
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INTERCONNECTIONS 


VW CONNECTOR COMBINES 
FIBER, WIRE IN ONE 

A compact, versatile connector 

that’s certified to ISO 9001 stan- 

dards offers the function of a fiber- 





optic and power connector in one de- 
vice. The Han connector permits 
combining up to 86 optical fibers 
with power contacts in many ar- 
rangements of 1-mm polymer fiber 


and 40-A power positions. The tough 
unit satisfies NEMA 4 enclosure rat- 
ings. Fiber-optic contact attenuation 
is less than 3 dB and wavelength is 
660 nm. A standard insert carries up 
to 108 contacts. Adding a second unit 
doubles capacity. Call for pricing and 
delivery. 

Harting Elektronik Inc. 

2155 Stonington Ave., Suite 212 

Hoffman Estates, IL 60195 

(708) 519-7700 

> CIRCLE 617 


VW SOCKET HANDLES 
STATIC AND VIDEO RAM 

The latest static RAMs, video RAMs, 
and 16-Mbit DRAMs can all be sock- 
eted using the SOJ Series sockets. 
Sizes range from 24 to 40 positions 
with 0.400- and 0.300-in. centerlines. 
Features include a high-temperature 








insulator body and compatibility 
with surface-mount processing 
equipment. Tape-and-reel and tube- 
packaging options are available, as 
are locator posts for hand placement. 
Pricing ranges from $0.60 to $0.75 in 
lots of 5000, depending on size. 

Augat Inc. 

P.O. Box 2510 

Attleboro Falls, MA 02763 

(508) 699-7646 

> CIRCLE 618 


PCD Inc. 

2 Technology Dr. 
Peabody, MA 01960 
(508) 532-8800 
(FC) (CE) (2!) (MD) 
CIRCLE 885 


Penstock Inc. 

520 Mercury Dr. 
Sunnyvale, CA 94086-4018 
(408) 730-0300 

(RF) (CX) (SM) (CO) 
CIRCLE 886 


Phoenix Contact Inc. 

P.O. Box 4100 

Harrisburg, PA 17111-0199 
(717) 944-1300 

(DS) (Di) (FC) (ID) (SM) (CC) 
(PC) (VB) (MB) (BB) 
CIRCLE 887 


Praegitzer Industries Inc. 
9255 S.W. Pioneer Ct. 
Wilsonville, OR 97070 

(503) 682-5500 

(SS) (DD) (ML) (BP) (PC) 
(VB) (SB) (MB) (1B) (BU) (GB) 
CIRCLE 888 


Precision Interconnect 
16640 S.W. 72nd Ave. 
Portland, OR 97224 
(503) 620-9400 


(CD) (CO) (TW) 
CIRCLE 889 


Pyle-National 

1334 N. Kostner Ave. 
Chicago, iL 60651 

(312) 342-6300 

(RF) (CX) (EL) (CD) (MD) 
(HV) (HC) (RP) 

CIRCLE 890 


RF Industries Ltd. 
7620 Miramar Rd. 
San Diego, CA 92126 
(619) 549-6340 

(PC) (CO) 

CIRCLE 891 


CONNECTOR AND PACKAGING MANUFACTURERS 


RIA electronic Inc. 

15 Meridian Rd., P.O. Box 447 
Eatontown, NJ 07724 

(908) 389-1300 

(CD) 

CIRCLE 892 


Radstone Technology Corp. 
20 Craig Rd. 

Montvale, NJ 07645 

(201) 391-2700 

(VB) (Mi) 

CIRCLE 893 


Raychem Corp. 

300 Constitution Dr. 
Menlo Park, CA 94025 
(415) 361-3333 


(CX) (DS) (FC) (ID) (MD) (CO) 


(FL) (TW) (SH) (PW) (HK) 
(MG) (ER) (GK) (TB) 
CIRCLE 894 


Richard Hirschmann of 
America Inc. 

Industrial Row, P.O. Box 229 

Riverdale, NJ 07457 

(201) 835-5002 

(Dl) (CD) (HV) (RP) 

CIRCLE 895 


Rittal Corp. 
Electronic Products 
One Rittal PI. 
Springfield, OH 45504 
(513) 399-0500 
(GP) (BM) (CN) (IN) 
(VR) (WT) (PT) (EM) 
(ER) (VE) (WN) 
CIRCLE 896 


Rogers Corp. 
Microwave/ Circuit Materials 
P.O. Box 4000 
Chandler, AZ 85226 
(602) 917-5270 
(SS) (DD) (ML) (FX) 
CIRCLE 897 


Rogers Corp. 

Power Distribution 
5750 E. McKellips Rd. 
Mesa, AZ 85205 
(602) 830-3370 
(PW) (HN) (BB) 
CIRCLE 898 


STRONGBOX 
P.O. Box 2726 


Culver City, CA 90231-2726 


(310) 305-8288 
(GP) (BM) (IN) (VR) 
(EM) (Ml) 

CIRCLE 903 


Samtec Inc. 
P.O. Box 1147 
810 Progress Blvd. 


New Albany, IN 47151-1147 


(812) 944-6733 


(EL) (FC) (ID) (ZI) (SM) (CC) 


(DP) (PG) (CD) (FL) 
CIRCLE 899 


Schroff Inc. 

170 Commerce Dr. 
Warwick, RI 02886 

(401) 732-3770 

(DI) (BP) (VB) (MB) 

(BU) (HN) (BB) (GP) (BM) 
(CN) (IN) (VR) (PT) 

(EM) (ER) (GK) 

CIRCLE 900 


Siecor Corp. 

P.O. Box 489 

Hickory, NC 28603-0489 
(704) 327-5000 

(RP) (FO) (SH) (HN) (GP) 
(VR) (WT) (CM) 

CIRCLE 901 


Specialty Electronics Inc. 
629 A Lowther Rd. 
Lewisberry, PA 17339 
(717) 938-6171 

(ID) (SM) (CD) (HN) 
CIRCLE 902 


Switchcraft Inc. 
5555 N. Elston Ave. 
Chicago, IL 60630 
(312) 792-2700 
(AU) (DI) (CD) 
CIRCLE 904 


Technit Inc. 

129 Dermody St. 
Cranford, NJ 07016 

(201) 272-5500 

(ER) (GK) (SE) (TB) (RC) 
(VE) (WN) 

CIRCLE 905 


Technology 80 Inc. 

658 Mendelssohn Ave. N. 
Minneapolis, MN 55427 
(612) 542-9545 

(VB) (SB) (MB) (IB) (GB) 
CIRCLE 906 


Teradyne Inc. 


Connection Systems Div. 


44 Simon St. 

Nashua, NH 03060 

(603) 889-5156 

(Zl) (SM) (MD) (ML) (WR) 
(BP) (PC) (VB) (SB) (MB) 
(BU) (BB) (MI) (ER) 
CIRCLE 907 


Texas Instruments 
Connector Systems 

34 Forest St. 

Attleboro, MA 02703 

(508) 699-5213 

(PG) (CD) (MD) (Bi) 

CIRCLE 908 


The Bergquist Co. 
7705 Bush Lake Rd. 
Edina, MN 55439 
(612) 835-2322 
(PW) 

CIRCLE 909 


Thomas & Betts Corp. 
Electronics Div. : 

200 Executive Center Dr. 

Greenville, SC 29616-2401 
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(803) 676-2900 
(DS) (Dl) (FC) (CE) 
(ID) (SM) (CC) (DP) 
(PG) (CD) (RP) (FO) 
CIRCLE 910 


Tracewell Enclosures Inc. 
567 Enterprise Dr. 
Westerville, OH 43081 

(614) 846-6175 

(BB) (GP) (BM) (IN) (VR) (PT) 
(EM) (MI) (CM) (ER) (GK) 
CIRCLE 911 


Tricon Industries Inc. 
Electromechanical Div. 

1600 Eisenhower Lane 
Suite 200 

Lisle, IL 60532-2167 

(708) 964-2330 

(CD) 

CIRCLE 912 


Trompeter Electronics 
31186 La Baya Dr. 
Westlake Village, CA 91362 
(818) 707-2020 

(AU) (RF) (CX) (MD) 

(HV) (HC) (RP) (CO) 

(ES) (MG) (ER) 

CIRCLE 913 


Tru-Connector Corp. 
245 Lynnfield St. 
Peabody, MA 01960 
(508) 532-0775 

(AU) (RF) (CX) (Di) 
(CD) (MD) (HV) (RP) 
CIRCLE 914 


US Conec Ltd. 

P.O. Box 2306 

Hickory, NC 28603-2308 
(704) 323-8883 

(FO) 

CIRCLE 915 


2 


(see p. 136 for key) 
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NEW HIGH DENSITY MICRO-COAXIAL CONTACTS 


Designed for high soeed data transfer rates. 
Can be used in the IEC 1076-4-2 2.5mm High 
Density connector system,har-pak®. Provides 
more space efficiency, high frequency ca- 
pability, easy handling, low applied cost and 
application with current equipment practice 
and emerging metric equipment practices. 
Designed for PCB termination on both 
daughtercard to backplane connection;al- 
lowing users to bring signal directly into the backplane without a cable transition. 


CIRCLE 91 





r system 






ha ity Connecto 


Developed for backplane and daughter- 
board applications in modern rack systems. 
The 5 row 2.5 mm connector design offers 
solderless PCB terminations, optimum ufiliza- 
tion of space, three dimensional modularity, 
high contact density, EMI protection, and the 
ability to double-side surface mount compo- 
nents on daughter cards without loss of a 15 
mm card pitch. The har-pak connector sys- 
tem permits using a three dimensional 2.5 mm grid. With the exceptional capabilites of 


te | si 








HARTING is a hallmark of innovation and reli- 
ability worldwide — throughout the electronics 


industry and in the switchgear sector. 


With the Gds A standard DIN 41612 printed circuit 
connectors, HARTING not only meets top require- 
ments in terms of precision and quality but also 
makes a contribution to progress in the field 
ot automation. The Gds A connector is mounted 
and fixed to the PC board in a single procedure. 
Components, solder pins and the fastening clips 
of the connector can thus be soldered in a single 
process. 


With a comprehensive range of connectors, 
HARTING offers perfect solutions for all appli- 
cations. 


) 


nmin HAPTING 


HARTING ELEKTRONIK, Inc. - 2155 Stonington Ave. : Suite 212 
P.O. Box 95710 Hoffman Estates, Illinois 60195, U.S.A. 


Phone 708 / 519-7700 - Fax 708 / 519-9771 
CIRCLE 95 


( 


SH WACHTER BREMEN 





the connector,only one connector style is 
required to solve your power, signal, 
ground,and high data rates; simplifying 
the design and manufacturing of future 
systems.The compliant pin technology 
utillzes the same 1 mm plated through 
hole standard for many DIN 41 612 com- 
pliant pin technologies. The consistency 
in design uses the many years of manu- 
facturing and design experience already 
available. These attributes combined can 
lead to new advancements n board- 
level designs: 15 mm card pitch with dou- 
ble-sided surface mounted daughter 
cards, butterfly or mid-plane techniques, 
modular design both horizontally and 
vertically,low number of system Compo- 
nents, combination with other stand- 
ardized packaging systems,and lower 


applied costs. CIRCLE 92 





COMPLIANT PIN DIN 41612-TYPE M 
INVERSE CONNECTORS 

HARTING’S compliant pin Inverse Type M 
DIN 41612 Eurocard connectors allow- 
continued development of backplane 
technology using solderless termination 
and double-side surface mounting. 
Applications include telecom, medical 
and high speed computers. Connector- 
cavities accommodate the DIN 41626 
high voltage, power, coaxial or fiber optic 
contacts. Connector arrangements can 
accommodate 2 to 10 special purpose 
contacts and 78 to 6 standard contacts 
respectively.Compatible with HARTING 
male press-In tooling without modifica- 


~ tion, if can be delivered with speclal 


press-In Inserts to allow use of ‘Flat Rock" 
or slmple flatpress-in dies. CIRCLE 93 


*har-mlk®’, NEW MINATURE CONNECTORS 
FROM HARTING ELEKTRONIK 





New, comprehensive range of miniature 
connectors, the ‘Pin and Socket’ |/O con- 
nectors Serles 60.01/02/03/04, are de- 
signed to meet the requirements of inter- 
nal and external connections of the future. 


e Reduced size: contact pitch of 1,27 mm 

e Highcontact density: double standard D-Sul 

e E.M.IL/R.F.1. protected. metal shells and 
hoods for optimum screening 

e Polarized by D shape 

e Coding: without contact loss 

e Locking device: 
quick latch forS.C.S.1/RS232E applications. 
Jackscrew for |.P.I/HI.P.P.| applications 

e Male and female IDC versions for dis- 
crete wire 28 to 30 AWG 

e Male and female connectors wth 
straight and angled solder pins 

e Many connector sizes: from 20 to 100 ways 


CIRCLE 94 





eS 


VW FIBER-OPTIC TERMINUS 
BOASTS CONSISTENCY 
Extremely consistent optical perfor- 
mance over a wide range of environ- 
ments and service conditions is fea- 






tured by an expanded-beam fiber-op- 
tic terminus system. The model 1087 
radiation-hardened terminus system 
is meant for optical interconnect ap- 
plications in commercial and mili- 
tary/aerospace applications. Each 
terminus uses a plano-convex lens to 


focus and transfer the transmitted 
light. This produces a collimated 
beam between termini, resulting in 
very stable optical performance and 
little or no degradation. The termini 
accept 100/14-um fibers and are 
adaptable to other sizes. Pricing is 
$150 in lots of 1000. Delivery is in six 
to eight weeks. 

G&H Technology Inc. 

750 W. Ventura Blvd. 

Camarillo, CA 93010 

(805) 484-0543 

> CIRCLE 619 


VW COIN-CELL HOLDER 
STANDS 0.177 IN. HIGH 

A low-profile, surface-mounted coin- 
cell battery holder stands just 0.177 
in. above the pc board. The unit al- 
lows close stacking of pe boards and 
facilitates the design of compact 
equipment. Its contacts provide high 





Unitrack Industries Inc. 
967 E. Masten Circle 
Milford, DE 19963 

(302) 424-5050 

(VR) 

CIRCLE 916 










Vernitron Corp. 

Beau Interconnect Div. 
P.O. Box 10 
Laconia, NH 03246 
(603) 524-5101 
(CD) (HV) (HC) (RP) (TE) 
CIRCLE 917 












W.L. Gore & Associates Inc. 
Electronic Prods. Div. 

555 Paper Mill Rd. 

Newark, DE, 19714 

(302) 738-4880 

(CO) (FL) (TW) (SH) 

(PW) (HK) (ER) 

CIRCLE 918 













Wearnes Hollingsworth 
Corp. 
Electronic Connector Div. 

4 Chrysler 

irvine, CA 92718 

(714) 855-6404 

(FC) (CE) (ID) (CD) (FL) (HN) 

CIRCLE 919 













XTO Inc. 

110 Wrentham Dr. 
Liverpool, NY 13088 
(315) 451-7807 

(ER) (GK) (FR) 
CIRCLE 920 












Yamaichi Electronics Inc. 
1420 Koll Circle, Suite B 
San Jose, CA 95112 

(408) 452-0797 

CIRCLE 921 











Zierick Manufacturing 
Research & Development 
Radio Circle 











CONNECTOR AND PACKAGING MANUFACTURERS 


Mt. Kisco, NY 10549 
(914) 666-2911 

(AU) (RF) (CX) (ID) 
(ZI) (SM) (CD) (RP) 
CIRCLE 922 


Zoltech Corp. 

16658 Arminta St. 

Van Nuys, CA 91406 
(818) 780-1800 

(BP) (VB) (GB) (GP) (BM) 
(EM) (CM) 

CIRCLE 923 


KEY 


Connectors and Sockets 


(AU) Audio 
(RF)  Radio-frequency 
(CX) Coaxial 


(DS) D-subminiature 
(Di) DIN design 
(EL) Elastomeric 
(FC) Flat cable 
(CE) Card edge 


(ID) insulation displace- 


ment 
(ZI) Zero/low insertion 
force 


(SM) Surface mountable. 


(CC) Chip carriers 
(DP)  DIP/SIP 

(PG) __‘Pin-grid array 
(CD) Custom design 
(MD) Military design 
(Bl) Test and burn-in 
(HV) _High-voltage 
(HC) —_High-current 
(RP) Rack-and-panel 
(FO) _ Fiber optic 

(TE) — Terminal blocks 


Boards and Panels 
(SS) One-sided 
(DD) Double-sided 
(ML) Multilayer 
(WR) Wire-wrap 
(FX) Flexible 

(BP) Backplane 
(PC) Printed circuit 


(VB) VME bus 
(SB) Standard bus 
(MB) — Multibus 

(IB) IBM PC bus 
(BU) Futurebus 
(GB) Other bus 


Wire and Cable 
(CO) Coaxial 
(FL) Flat 


(TW) _ Twisted-pair 

(SH) Shielded 

(WV) Woven 

(PW) Power cords/cables 
(MN) Magnet wire 

(HK) Hookup wire 

(HN) Harnesses 

(CA) Cabling materials 
(BB) Bus bars 


(GP) General purpose 
(BM) Bench-mounted 
(CN) Consoles 

(IN) instrument cases 
(VR) Vertical racks 
(WT)  Water-tight 

(PT) Portable 

(EM) EMI/RFI design 
(Ml) Military design 
(CM) Custom design 


Shielding 

(ES) Electrostatic 
(MG) Magnetic 
(ER) EMI/RFI 
(GK) Gasket 

(FR) Ferrites 

(SE)  Sheets/strips 


(TB) ‘Tubing 

(RC) Rooms and cham- 
bers 

(VE) Vents 


(WN) Windows 








normal forces, which lock the coin 
cell firmly into position despite the 
holder’s low height. Contacts are of 
nickel-plated stainless steel. The 
holder itself is of high-temperature 
thermoplastic that suits the IR-re- 
flow process. Seven sizes are offered 
with samples available on request. 
Pricing is from $0.50 to $0.95, de- 
pending on quantity. 

Specialty Electronics Inc. 

629A Lowther kd. 

Lewisberry, PA 17339 

(803) 457-3824 

> CIRCLE 620 


VW DENSE CONNECTORS 
BOAST PRECISE CONTACTS 

The Advance50 and Advance50SMT 
connector systems permit 0.050-in.- 
centerline pc-board packaging. The 
shrouded receptacles and post-head- 
er assemblies incorporate the com- 
pany’s gold-plated HourGlass recep- 
tacle contacts, which mate with its 
Transition Pin. That pin offers a full- 
radius tip that transitions from a 
0.018-in. diameter at the base to a tin- 
plated solder tail for either through- 
hole or SMT applications. The sys- 





tem consists of dual-row vertical and 
horizontal shrouded receptacles and 
shrouded mating male-post assem- 
blies for perpendicular, parallel, and 
stacked configurations. 
Interconnect Industries Inc. 
859 South Rd., Unit 24-102 
Wappingers Falls, NY 12590 
(914) 227-1147 
> CIRCLE 621 
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v LONG RANGE 
SENSING IN 
MATCHBOX SIZE 


Ideal for applications requiring object 
sensing and material control. The 
VTR24F1 retro-reflective optical 
switch extends the range of contact- 
less, optical posi- 
tion sensing. Al- 
most the size of 
a matchbox, it 
senses objects up 
to 4 inches. De- 
signed to “see” 
almost any sur- 
face including matte, gloss, or black, 
this sensor provides a switchlike 








response, low position error, and 
CMOS compatibility. 

EG&G Optoelectronics 

Vactec Division 

10900 Page, St. Louis, MO 63132 

Phone (314) 423-4900 

Fax: (814) 423-3956 

READER SERVICE 187 


Vv NEW SHORT-FORM CATALOG 


A new short form 
catalog depicting a 
complete line of 
optoelectronic com- 
ponents is now avail- 
able from EG & G 
Optoelectronics, 
Vactec Division. 





READER SERVICE 90 





OPTOELECTRONICS 


Included in this concise, 12-page 
catalog are electrical/optical charac- 
teristics, features, and typical appli- 
cations for EG & G Vactec’s complete 
line of silicon photodiodes; IR emit- 
ters and phototransistors; Cds photo- 
conductive cells; analog optoisolators 
(Vactrols®); and optoswitches, opti- 
cal hybrids, and custom opto assem- 
blies. For free copies, please contact: 

EG&G Optoelectronics 

Vactec Division 

10900 Page, St. Louis, MO 63182 

Phone (814) 423-4900 

Fax: (814) 423-3956 

READER SERVICE 188 
W IDEAL FOR AUDIO 

APPLICATIONS 
Analog Optoisolators (Vactrols™) are 
ideal as power limiters and remote 
gain control in audio amplifiers. Used 
widely in professional and automo- 
bile audio equip- 
ment, Vactrols™ 
provide low noise 
and low harmonic 
distortion making 
them ideal for use 
as electronically 
adjusted variable 
resistors. The Vac- 
trols™ catalog discusses audio appli- 
cations such as gating, muting, lim- 
iters, AGC distortion, and switching. 

EG&G Optoelectronics 

Vactec Division 

10900 Page, St. Louis, MO 63182 

Phone (314) 423-4900 

Fax: (314) 423-3956 

READER SERVICE 189 
wv OPTIMIZED OPTICS 
The VTE1285 high output IR Emitting 
Diode (IRED) incorporates an asphe- 
ric lens to optimize the amount of 
power focused into its output beam. 
This 5mm diameter 
plastic package con- 
tains a 880 nm high | 
efficiency IRED | 
chip. Typical power 
output at 100 mA 
drive is 20 mW. Typi- 
cal total half power 
beam angle is 16 de- 
grees. A companion 
part, the VTE1295 is U.L. Dempantat 
recognized. Applications include 
smoke detectors, remote controls, 
and security systems. 

EG&G Optoelectronics 

Vactec Division 
10900 Page, St. Louis, MO 63132 

Phone (314) 423-4900 

Fax: (314) 423-3956 

READER SERVICE 190 
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‘V 12-MM ROUND CONNECTORS 
BOOST SENSOR OPTIONS 
Unlike most micro-connectors, 
which are produced only as pre-mold- 
ed assemblies, the E-Series of 12-mm 
circular connectors can be wired in 
the field. Users can easily adapt 
valves, actuators, proximity switch- 
es, and hard-wired sensing devices to 
the micro ports provided on many 
junction boxes. The connectors also 
enable easy retrofitting and/or re- 
pair of existing sensors and actua- 





tors, aS well as conversion of any 
hard-wired device into a quick-dis- 
connect unit. The units are offered as 
female receptacles or male plugs in 
straight and right-angle versions 
and with four or five poles. Pricing 
for a four-pole, straight plug unit is 
$6.01 in small lots. Delivery is from 
stock to six weeks. 

Richard Hirschmann 

Of America Ine. 

Industrial Row 

P.O. Box 229 

Riverdale, NJ 07457 

(800) 225-0524, ext. 230 

> CIRCLE 633 


Vv TERMINAL BLOCKS 

GAIN ENHANCEMENTS 
Significant expansion of the applica- 
tion range and flexibility of the ELF 
family of 0.200-in./5-mm spacing 
pluggable terminal blocks and head- 
ers has been achieved. The plugs and 






headers, which are designed for relli- 
able board-to-wire connections, now 
come with selective gold plating on 
contacts for critical applications in 
low-level circuits or severe environ- 









ments. Plating is 0.000080 in. gold 
over 0.000050 in. nickel. Integrally 
molded locking ears are also offered 
for all devices. The ears capture a 
floating, slot-head locking screw 
which engages a threaded insert on 
the header ear and tightens to firmly 
secure the connector after mating. 
Pricing for a 10-position plug and 
header with keying starts at $4.50 in 
lots of 1000. Delivery is in two weeks. 

PCD Ince. 

Two Technology Dr. 

Peabody, MA 01960 

(508) 532-8800 

> CIRCLE 634 


VW MODULAR CONNECTORS 
PROVIDE EMI SHIELDING 

A line of TM11 modular connectors is 
available with EMI-shielding protec- 
tion. The one-piece construction of 
the shell and clamp offers excellent 
shielding for ISDN terminals and 
PCs, LAN boards, and the data-com- 
munication industry. The jack is 
built to allow the shielding to easily 
engage and lock first upon mating. A 


metal shell offers ESD protection 
and a plastic cover is provided for en- 
hanced aesthetics. Available in et- 
ther six or eight positions, the TM11 
connector replaces the RJ45 connec- 
tor. Pricing in lots of 10,000 is $1.25 
for plugs and from $1.75 to $3.25 for 
shielded jacks, depending on options. 

Hirose Electric (U.S.A.) Inc. 

2688 Westhills Ct. 

Simi Valley, CA 93065 

(805) 522-7958 

> CIRCLE 635 


VW 2-MM SMT CONNECTORS 
NOW INCLUDE STRIPS 


New sockets and terminal strips 
have been added to Samtec’s line of 
2-mm surface-mount interconnects. 
The MMS Series socket strips stand 
0.175 in. tall and feature double- 
beam phosphor bronze contacts. 
They come in four styles: single- and 
double-row with vertical and hori- 
zontal mounting. The MMT Series 





INTERCONNECTIONS 





terminal strips come in the same four 
styles for mating with the MMS and 
other Samtec SMT 2-mm socket 





7.44 mm (0.298 in.). Cost is from $0.05 
per position for the MMS Series and 
from $0.047 per position for the MMT 
Series. Delivery is in five days from 
receipt of order. 

Samtec Inc. 

P.O. Box 1147 

New Albany, IN 47151-1147 

(800) SAMTEC-9 

> CIRCLE 636 


V INTEL QUALIFIES 

PGA ZIF SOCKET 
A 236-pin PGA ZIF socket from Ari- 
es has been qualified by Intel Corp. 
for use in PCs that are upgradeable 
with OverDrive processors. The 
IS8PGAZIF-236 socket has been rat- 
ed under extreme environmental 
conditions to more than 20,000 inser- 
tion cycles. In addition to the Intel 
design, Aries can furnish this socket 
with variations and options to meet 
special requirements. These include 
custom handle configurations and a 
hinged flap mechanism which pre- 
vents users from trying to insert a 
processor into a closed socket. Pric- 





$4.95 in lots of 10,000. 
Aries Electronics Inc. 
P.O. Box 130 
Frenchtown, NJ 08825 
(908) 996-6841 
> CIRCLE 637 
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VW SIX-CHIP AMBER LED 

USES BRIGHT AllnGaP 
Claimed as the brightest amber 
multi-chip LED available, the 
MF200-EA28-6 device is designed to 
replace the industry-standard 387 in- 





Turn your 
excess inventory 
into a substantial tax break 
and help send needy 
kids to college. 


Call for your 
free guide 
to learn how donating your 
slow moving inventory 
can mean a generous 
tax write off 
for your company. 


Call (708) 690-0010 
Peter Roskam 
Executive Director 


AS 


P.O. Box 3021, Glen Ellyn, IL 60138 
FAX (708) 690-0565 


Excess inventory today... 
student opportunity tomorrow 


candescent bulb. The LED is based 
on newly developed AlInGaP chip 
material with very high luminous ef- 
ficiency for high light output over a 
wide voltage range. The unit is de- 
signed to operate continuously for 
upwards of 100,000 hours at 28 V de 
while drawing only 14 mA. At 200 
mcd, it’s much brighter than higher- 
rated single-chip AllnGaP LEDs, be- 
cause the six-chip configuration 
emits greater volume of light over a 
160° viewing angle for enhanced pe- 
ripheral viewing. Pricing in lots of 
1000 is $8.60. Delivery is in four to six 
weeks. 

Data Display Products 

445 S. Douglas St. 

El Segundo, CA 90245-4630 

(310) 640-0442 

> CIRCLE 638 


VW LINE-CARD PROTECTORS 
MELD RESISTOR, FUSE 

A resistive device is specifically de- 

signed to meet the demanding re- 

quirements of Bellcore’s TR-1089 

spec for circuit protection in telecom- 








munication line cards at resistance 
values as low as 5.6 2. The ALFR 
line-feed resistor is a combination 
precision resistor and thermal fuse 
that protects against both lightning 
and power-cross conditions. Rated at 
2 W, the device offers resistance val- 
ues from 5.6 to 100 9 in tolerances to 
1%. The four-lead, in-line ceramic 
package is compatible with automat- 
ic insertion. Pricing is $1.60 in lots of 
10,000. 

IRC Ine. 

P.O. Box 1860 

Boone, NC 28607 

(704) 264-8861 

> CIRCLE 639 


I don’t know doctor, ever 
since we've made this acquisition, 
"ve been seeing double!! 





ELECTRONIC DESIGN # PIPS SPECIAL EDITORIAL FEATURE ® AUGUST 22, 1994 





‘VV ALUMINUM ELECTROLYTICS 
BOAST LONG LIFESPAN 


Designed specifically for the long 
life demanded by applications such 
as uninterruptable power supplies, 
motor-speed drivers, high-wattage 
power supplies, and inverters, the 
CGL aluminum electrolytic capaci- 
tor is rated for 2500 hours and up to 
450 V de. The large-can, computer- 
grade device will be available in a 
500-V de version by the end of 1994. 
Call for pricing and delivery. 

Aerovox Aero M 

370 Faunce Corner Rd. 

N. Dartmouth, MA 02747-1217 

(508) 995-8000 

> CIRCLE 640 


‘Vv CURRENT-SENSE RESISTORS 
OFFER VALUES TO 0.05 0 
With values as low as 0.05 9, the 
MP808, MP825, and MP821 power 
film resistors are well-suited for 
power current-sensing applications. 
The MP808 comes in a TO-126-style 
power package and dissipates 8 W at 
a case temperature of 25°C. Values 


You Need 





range to 10 kM. The MP825 also 
comes in the TO-126 package and dis- 
sipates 25 W at 25°C. The MP821 
comes in a TOQ-220 package with a 
metal mounting tab and dissipates 20 
W. It offers values up to 9.99 ©. All 
come in tolerances of +1, +2, 55, 
+10, and 20%. Pricing starts at 
$1.11 for the MP808 in lots of 10,000. 

Caddock Electronics Inc. 

17271 N. Umpqua Hwy. 

Roseburg, OR 97470 

(503) 496-0700 

> CIRCLE 641 


VW TANTALUM CAPACITORS 
SUIT SURFACE MOUNTING 
Lower impedance and higher capaci- 
tance is offered in less volume than 


Tree City USA 


ity trees add the soft touch of nature to our 

busy lives. They cool our cities, fight 
pollution, conserve energy, give wildlife a home, 
and make our neighborhoods more liveable. 

The trees on city property, along streets and in 
parks, are an essential part of the urban forest. To 
keep these trees healthy and abundant, your town 
needs an organized program for their care...an 
annual action plan to plant and prune the city’s 


trees, and to maintain their health. 


You can make a difference — by planting and 
caring for trees in your yard and in your neighbor- 
hood, and by encouraging your city government's 


community forestry program. 


Support Tree City USA where you live. For your 
free booklet, write: Tree City USA, The National 
Arbor Day Foundation, Nebraska City, NE 68410. 


€) Asbor Day Foundation 


READER SERVICE 96 


PASSIVE COMPONENTS 









can-style aluminum electrolytic ca- 
pacitors designed for surface mount- 
ing by the Type TCS tantalum elec- 
trolytics. Available in the full range 
of industry-standard ratings and 
case sizes, the capacitors boast a 
wide range of values, high perfor- 
mance over temperature and fre- 
quency, and excellent solderability. 
Values range from 0.1 to 150 pF in 
voltages from 4 to 50 V de. Pricing is 
from $0.095 in lots of 1000. Delivery 
is from stock to 12 weeks. 

‘Cornell Dubilier 

1605 E. Rodney French Blvd. 
New Bedford, MA 02744 

(508) 996-8564 

> CIRCLE 642 
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PASSIVE COMPONENTS 


Vv CERAMIC R NETWORKS 
CURTAIL FLEX WOES 


A line of ultra-small ceramic chip re- 
sistor networks is well suited for use 
in notebook and palmtop computers. 
The bussed MNR-35 networks side- 
step reliability problems found in 
such applications with traditional 
molded resistor networks being at- 
tached to flexible circuit boards. 











Each network features eight resis- 
tive elements with two electrodes po- 
sitioned in common. The devices may 
be supplied with one- and six-pin 
common or 5- and 10-pin common 
connections. The eight resistors 
make the networks especially useful 
in digital applications such as pull-up 
or pull-down circuits. The 0.063-W 
devices range from 100 9 to 100 kQ. 
Pricing is $0.12 in small quantities 
with delivery in 10 weeks. 

Rohm Corp. 

3034 Owen Dr. 

Antioch, TN 37013 

(615) 641-2020, ext. 116 

> CIRCLE 643 


VW LED LIGHT PIPES 
ROUTE OUTPUT TO PANEL 

Light from LEDs is routed from its 
source to the intended viewing loca- 
tion by a family of light pipes from 
Dialight. The pipes complement the 
microLED Series of LEDs. The pre- 
cision-molded plastic components 
are attached to the circuit board or 
front panel after soldering. Typical- 





ly, they route light at a right angle 
from the pc board. They’re especially 
useful in applications requiring a 
horizontal or vertical array of indica- 
tors. Products in the family range 
from round 3- and 5-mm illuminating 
surfaces to multiple-height squares, 
and a light pipe that mounts over an 
RJ45 jack for LAN applications. 
Prices start at $0.59 in lots of 1000. 
Samples are available now and pro- 
duction deliveries take from four to 
six weeks. 

Dialight Corp. 

Dept. P-MLP 

1913 Atlantic Ave. 

Manasquan, NJ 08736 

(908) 223-9400 

> CIRCLE 644 


Custom Thyristors For Tough Applications 


Today’s complex electronic applications often call for 
more than standard Thyristor parts. Teccor has 
responded to this ever increasing need with broad 
‘“‘customization’’ capability in both electrical 
parameters and package configurations. Now, instead 
of time consuming and expensive redesigning pro- 
cedures, you can streamline your circuit with just the 
right custom parts. 


With over 25 years experience in solving the toughest 
applications in the industry, Teccor Electronics is your 
best source for both standard and custom thyristor 
parts as well as complete applications support. Write 
or call us today for our full line catalog. And if these 
Standards don’t fit your needs, we’ll build one that will! 


MEDICAL 


TECCOR 


ELECTRONICS, INC. 


1801 Hurd Drive 

Irving, Texas 75038-4385 
(214) 580-1515 

Fax (214) 550-1309 


SIDACS ¢ SIDACTORS 


“‘Reliability 
By Design’’ 


TRIACS ¢ SCR’s * RECTIFIERS  ALTERNISTORS * QUADRACS ® DIACS ¢ STS 
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Vv DC-DC-CONVERTER CHIP 
POWERS CELLULAR PHONES 
A single alkaline battery is all that’s 
needed to power noise-sensitive 
handheld products such as cellular 
phones, pagers, and medical instru- 
ments when they contain the 
ML4890 de-de-converter IC. The chip 
also works with single-cell lithium, 






nickel metal hydride, or nickel cadmi- 
um batteries. The device boosts bat- 
tery voltages as low as 0.9 V into ei- 
ther 5, 3.8, or 3 V with virtually no 
output ripple (2 mV p-p). A second 
version can be configured to produce 
any voltage from 2 to 5.5 V. Pricing 
for the 8-pin SOIC is $2.95 in lots of 
1000. Samples available now; full 
production slated for September. 
Micro Linear Corp. 

2092 Concourse Dr. 

San Jose, CA 95131 

(408) 433-5200 

> CIRCLE 645 


‘Vv PCMCIA REGULATORS 
POWER, GUARD VPP PINS 
Thanks to built-in current limiting 
and thermal shutdown, the LT1312 
single and LT1313 dual PCMCIA 
regulators ensure that a short circuit 
on either side of a standard PCMCIA 
socket will not damage the host com- 
puter or PCMCIA card through the 
VPP pins. Further, the devices pro- 
duce clean, tightly regulated outputs 
of zero, 3.8, 5, and 12 V from any 
available unregulated 13-to-20-V 
supply. This eliminates the cost of an 
extra 12-V regulator to generate 
clean VPP power. Direct connection 
with PCMCIA-interface controllers 
is provided by means of compatible 
digital inputs. Pricing in lots of 1000 
is $2.08 for the single device and 

$3.03 for the dual version. 
Linear Technology Corp. 
1630 McCarthy Blvd. 
Milpitas, CA 95035-7487 
(800) 454-6327 
> CIRCLE 646 
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V SINGLE-PHASE AC SOURCE 
CORRECTS POWER FACTOR 

The most stringent requirements of 
the Kuropean Community are met by 
the model BL1350-pf, a power-fac- 
tor-corrected, single-phase ac-power 
source with universal input. The unit 
offers an input power factor of 0.98 
as opposed to the 0.65 power factor 
common to most similar units. For 
typical ac sources, the input-current 
waveform shows zero current being 
drawn for most of the cycle and two 
sharp surges or spikes at 90° and 
270°. The BL1350-pf source com- 
pletely eliminates these surges and 
produces an input-current waveform 
that’s a smooth, continuous sine 
wave. Call for pricing and delivery. 

Behlman Electronics Ince. 

An Astrosystems Co. 

6 Nevada Dr. 

Lake Success, NY 11042 

(516) 328-1600 

> CIRCLE 647 


Vv AC-DC SWITCHERS 
OFFER AUTORANGING 
An autoranging input, a module-dis- 
able feature, and EMI/RFI levels 
that meet VDE/FCC Class B ratings 
are among the enhancements that 
have been made to the FlatPAC fam- 
ily of user-definable ac-de supplies. 
These off-line units combine up to 
three of the company’s VI-200 de-de 
converters and front-end assemblies 
in a set of modular chassis-mount en- 
closures for systems requring from 
50 to 600 W of total output power. 


he package measures 1.37 in. high 
by 8.6 in. long in widths of 2.5, 4.9, 
and 7.4 in. Each internal converter 
offers one output, 50 to 200 W of out- 
put power, and an output voltage 
from 1 to 95 V de. In OEM lots, pric- 
ing is from $0.85/ W. 

Vicor Corp. 

23 Frontage Rd. 

Andover, MA 01810 

(800) 735-6200 

> CIRCLE 648 





PICO 


ULTRA-MINIATURE 





Manufactured and tested 
to MIL-T-27 


Frequency range 

20 Hz to 250 KHz 
Available from 

100 milliwatts to 3 watts 


Impedance from 20 ohms 
to 100 K ohms 


Operating temperature 
—55°C to +130°C 


Low profile .2” ht. 


See EEM 
| or send direct 
for Free PICO Catalog. 


Call toll free 
in NY call 914-699-5514 
FAX 914-699-5565 


453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 
READER SERVICE 162 





POWER SOURCES 


‘V HIGH-POWER DC SUPPLIES 
MEET VARIED LAB NEEDS 
The XHR Series of high-power de 
Supplies comes in 600- and 1000-W 
versions to meet the requirements of 
design engineering, manufacturing 
test, educational facilities, and re- 
search labs. The units are portable 
enough to fit in the same rack space 
as a half-rack multimeter. Standard 
features include programmable de 
output, power-factor correction, op- 
tional internal GPIB or RS-232 pro- 
gramming, and front and rear input 
connectors. Call for pricing and de- 

livery. 
Xantrex Technology Inc. 
8587 Baxter Pl. 
Burnaby, B.C., Canada V5A4V7 
(604) 421-3031 
> CIRCLE 649 


‘VW FAST-RECOVERY SNUBBERS 
WITHSTAND LARGE SURGES 
Specifically designed for use in snub- 
ber circuits, the RM25HG-24S and 
RM50HG-12S snubber diodes in TO- 
3P packages are very fast-recovery 
types that withstand large surge 
currents for short durations. The 





1200-V rating of the RM25HG-24S 
makes it particularly useful with the 
company’s 1200-V family of IGBTs 
and intelligent-power modules. Us- 
ers can parallel multiples of the de- 
vice and use it as a compact snubber 
for IGBTs to 1200 V and 600 A. Typi- 
cal pricing for the RM25HG-24S is 
$14.68 in lots of 100. Prototype quan- 
tities are available from stock to six 
weeks. 

Powerex Inc. 

200 Allis St. 

Youngwood, PA 15697 

(800) 451-1415 

> CIRCLE 650 


Vv 30-Hz POWER SOURCE 


TESTS EXPORT EQUIPMENT 


A 125-kVA frequency converter pro- 
vides a true sine-wave output with 
high input-to-output isolation for 50- 


Hz testing of equipment for export 
to overseas markets. The AFC1 con- 
verter withstands system load faults 
to clear while maintaining output 
continuity to the remaining load. 
Ride-through capability is also pro- 
vided, maintaining output power to 
the load even during input-power 
sags and short-term outages. Prod- 
uct offerings range from 500 VA to 
200 kVA in all common input and out- 
put voltage and phase combinations. 
A 100-kVA unit goes for $18,595, de- 
pending on configuration. Delivery 
is in Six to eight weeks. 

Advanced Control Systems 

605 E. Alton Ave., Suite A 

Santa Ana, CA 92705 

(714) 540-9010 

> CIRCLE 651 


Vv EXTERNAL SWITCHERS 
OFFER CHARGER OPTION 

The CL family of 25- and 40-W ac-de 

switching power supplies features 

universal inputs from 90 to 264 V ac 

at 47 to 440 Hz. Single-, dual-, and tri- 

ple-output versions offer outputs of 











+5, +12, 9.5, 24, and 48 V de. Single- 
output versions of the 25-W model 
can be had with an optional high- 
speed, internal, dual-state NiCd bat- 
tery-charging circuit. The circuit 
provides 1.2 A of charging current 
for up to eight cells. All supplies 
meet FCC and VDE level B line-con- 
ducted emissions requirements. Typ- 
ical pricing is from $35 to $40 for the 
25-W models and $55 for the 40-W 
versions in OEM lots. 

Computer Products 

Power Conversion America 

7 Elkins St. 

South Boston, MA 02127 

(617) 268-1170 

> CIRCLE 652 





V LINE-INTERACTIVE UPS 
PROTECTS EQUIPMENT 
Power instabilities that can damage 
sensitive equipment are held off by 
the OnGuard LI-2400 uninterrupti- 
ble power source (UPS). The unit 
functions as an intelligent power- 





protection device, surge suppressor, 
and power-backup system. Targeted 
at larger electronic devices, network 
servers, and midrange systems, the 
UPS delivers twice the power protec- 
tion of other units in the LI series. In 
the event of a power disruption, 
overload, or short, the system auto- 
matically invokes a user-program- 
mable, orderly shutdown of the sys- 
tem or network to preserve its data. 
Pricing is $1999. 

Clary Corp. 

1960S. Walker Ave. 

Monrovia, CA 91016 

(818) 859-4486 

> CIRCLE 653 
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Power Convertibles custom designs and 
aaralalOlial@uelgon: for 
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equipment, such as... 

m Personal Communication Devices 

#® Cellular Telephones 

# Palm Top and Notebook Computers 


# Hand Held Instruments 
# Personal Digital Assistants (PDA) - 










a Negative Delta V 
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a Jemperature 

@ Trickle 


= Nickel Cadmium ~ 
@ Nickel Metal Hydride 
# Lithtum lon 


Boy ay 
3450 South Broadmont Drive, Suite 128 = Tucson, Arizona 85713 
| 602-628-8292 = FAX: 602-770-9369 READER SERVICE 180 
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ISO900! 











FREE ISSUE OF... H/ectromics 


et up-to-the-minute coverage of the 





uy 198 global electronics market! Twice 
ycu each month, ELECTRONICS brings you 


: 1 L l acenise sesk 
Ex lo slo : ° supply ay Vaso = standard ) 
makers W ith rest ; i i eae ; are sing VOB oT a SI z i } i i i lar y 4 yf i : 1e latest technological 
\ By Robert Patton wobie © Page Poata com 


ee va ieee | ree ot ||" ee : developments that will impact your 


change Sweeps Over PC Industty 


Sion business. Each issue includes: 


e News, trends and analysis in key markets 


singe | [UNEMPLOYED at telecommunications, semiconductors, 


jn San Jose, 9 Ad. re semiconductor Pro YMENT ESTIMATES 
in 1993, there Wer” devices | NEC $ Se ities at DRAM nth {Ne || UNEP GT NATIONS () 


: icondu ion faci FO 
Vion semicon deck! ais 1992 


ese, 42.2 bil- 


neat — pu battle Pinner | a ee computers and international trade 
AMD strikes back in aes 2a member | 
cetera casa ea) | | | | e Global coverage, with reports from 
Asia, Europe and the U.S. 
e Short, concise articles and 


information-packed graphics 


eiunorenta|enctas ACT NOW—LIMITED TIME OFFER 


developmen 





|| YES! Send me my FREE issue of ELECTRONICS and enter my 1-year subscription 
23 issues—for 10% off the regular subscription rate! If I choose not to subscribe 
Ill simply write “cancel” on the invoice and return it. The free issue is mine to keep. __ 


One year subscription rates (U.S. funds drawn from a U.S. bank): _ 





Please bill my credit card: 


_ Card No. 

| Signature 

Name Title 

Company 

Mailing Address 
Order by FAX: 216/696-6413 or call 216/696-7000, x 4137 











I don’t know doctor, ever 
since we've made this acquisition, 
I've been seeing double!! 





Turn your excess inventory into a 
substantial tax break and help 
send needy kids to college as well. 


Call for your free guide to learn how 
donating your slow moving inventory can 
mean a generous tax write off for your company. 


Call (708) 690-0010 
Peter Roskam 
Executive Director 


ee \.. 


P.O. Box 3021, Glen Ellyn, IL 60138 
FAX (708) 690-0565 


Excess inventory today...student opportunity tomorrow 
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SWITCHES & RELAYS 


‘V LEDs AND SWITCHES 

STACK ON PCB EDGE 
Companion LED indicator lamps in- 
terlock with miniature, SPDT push- 
buttons to create status/reset sta- 
tions at the edge of a pe board. The 
Series 32 switches and lamps can be 
had in any arrangement. Red, yel- 
low, and green LEDs are available to 
complement the switches. Applica- 






tions include telecom, security, as- 
sembly equipment, and instrumenta- 
tion in which operation must be moni- 
tored. The Series 32 devices maintain 
0.200 in. between centers of lamps 
and switch buttons. The assembly 
measures only 0.272 in. off the board 
and is 0.400 in. deep. Pricing for the 
switches is $1 in lots of 1000. The 
LEDs and their sockets go for $0.89 
in lots of 1000. 

Grayhill Inc. 

361 Hillgrove Ave. 

La Grange, IL 60525 

(708) 482-2182 

> CIRCLE 654 


W RELAYS SEAL OUT 

ALL CONTAMINANTS 
A substantial increase in relay life 
has been secured for the CDR10 and 
CDR40 relays when used in contami- 
nated atmospheres or with immer- 
sion cleaning. Optional epoxy seal- 
ing enables the units to withstand 
corrosive environments. Operation 
is for more than 100,000 cycles in any 
industrial environment. Type 
CDR10, a general-purpose relay, 
comes in double-pole, double-throw 
and four-pole, double-throw configu- 
rations. It handles up to 5 A for 28-V 
de and 240 V ac loads. The CDR40 
ups the current handling to 10 A. 
Pricing in lots of 1000 is $2.70 for the 
CDR10 and $2.40 for the CDR40. De- 
livery is from stock to 14 weeks. 

Cornell Dubilier 

2314 M.L. King Ave. 

P.O. Box 2768 

Calexico, CA 92231-2768 

(619) 857-3441 

> CIRCLE 655 











SWITCHES & RELAYS 


Vv DIP SWITCHES OFFER 
PACKAGING OPTIONS 


Grayhill now offers tape-and-reel 
packaging for their surface-mount- 
style rotary DIP switches. The Se- 
ries 94 switches come with J-bend or 
gull-wing terminal forms. Thanks to 
high-temperature plastics, the Se- 
ries 94 parts can withstand assembly 
temperatures of up to 260°C. Each 
Switch measures just 0.2 in. above 
the board. In addition, the switches 
are internally sealed, eliminating the 
need for an external tape. Through- 
hole styles are also available with 
flush or extended actuators in a per- 
pendicular or right-angle mount. The 
surface-mount Series 94 cost $1.39 
each in 1000-piece lots. They are of- 
fered in standard reels containing 
750 pieces, and also in tube packag- 
ing. Delivery is in 2 to 4 weeks. 

Grayhill Inc. 

361 Hilligrove Ave. 

P.O. Box 10373 

La Grange, IL 60525-0373 

(708) 482-2132 

> CIRCLE 656 


VW SOLID-STATE RELAYS 
HANDLE LOTS OF POWER 
Although tiny in size, the DRD Se- 
ries ac solid-state relays can control 
large amounts of power with a low- 
level de logic input signal. The relays 
come in a 2.5-by-0.75-by-0.2-in. pack- 





age, andare rated for 10 A at600 V.A 
triac design provides: full-wave con- 
trol and high-current capability with 
high dV/dt capability. Zero-cross cir- 
cuitry switches on at zero voltage 
and off at zero current for inductive 
loads. Non-zero-crossing drive cir- 
cuitry allows for phase and on-off 
control. 

Gentron Corp. 

73845 Ly. Acoma, Suite 101 

Scottsdale, AZ 85260 

(800) 436-8766 

> CIRCLE 657 





VW TIME-DELAY RELAY 
OPERATES IN 21 MODES 

Simplify the selection of plug-in 
time-delay relays with the TRDU Se- 
ries devices that include 21 operating 
modes. Any one of the 10 single-func- 
tion or 11 dual-function modes is se- 
lected by transferring one or more of 
the six programming switches. Tim- 
ing modes include delay-on-make, 
delay-on-break, interval, single-shot, 
recycling, motion detector, accumu- 
lating modes, inverted modes, and 
combinations of these. The multi- 
mode relays have industry-standard 
8- and 11-pin base wiring. Time delay 
ranges from 0.1 sec. to over 1,705 
hours. The TRDU Series operates at 
12 or 24 V de, and 24, 120, or 230 V ac. 
Its DPDT or SPDT isolated relay 
contacts are rated 10 A resistive at 
240 V ac. Most parts in the TRDU Se- 
ries are available from stock. 

SSAC Ine. 

P.O. Box 1000 

Baldwinsville, NY 13027 

(315) 638-1300 

> CIRCLE 658 





; S0486SLC INDUSTRIAL SINGLE BOARD COMPUTER 
64K Write Back Cache, 7" x 4.75 


e 
CY ent 
A 
co. © 
Qe 0? 
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©: 
80386SX or Power connector for 
80486SLC CPU stand-alone operation 


e+ ewrewe 
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Cyrix S87 Math 
Co-processor optional 


os 
seers fe 


Up to 16Mbytes of 
On-board memory 


Product names are trademarks or registered trademarks of their respective companies. 
Specifications are subject to change without notice. 
*Power meter V1.3 
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ISA/AT BUS fully buffered 
for driving up to 20 slots 





IDE & Floppy 


Interfaces Two Serial Ports 


SCEEEETESE 


Soe SRSASRS 


SeESERE 


ame 
Bi-directional Parallel port 





TME/AT BUS connector f 
FLASH/SRAM Solid State drive 
SVGA, Flat Panel display interface, 

MODEM daughter boards 


TME's F486SLC 


COMPETITOR 





OTHER 
TME 
PRODUCTS 


Toronto 
MicroElectronics Inc. 
designs and 
manufactures 

a complete line of 
INDUSTRIAL 
SINGLE BOARD 
COMPUTERS 
ISA/EISA 

using 80386SX, 
80386DX 
80486SX/DX, 
Pentium processor, 
intergrated I/O, 
FLASH & SRAM 
for solid state drive, 
CRT, Flat Panel 
display interface 


IT ME Toronto MicroElectronics Inc. 


1815 Meyerside Drive #12, Mississauga, Ont., Canada L5T 1G3 


Tel: (905) 564-4833 « Fax: (905) 564-4768 


READER SERVICE 145 
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SWITCHES & RELAYS 


‘WV PUSHBUTTONS ARE 

HEAVILY INSULATED 
The 1200 Series line of pushbutton 
switches have a high insulation resis- 
tance of 1000 MN minimum at 500 V 
de. These insulation values result 
from a heavy-walled polyamide case 
with high and thick molded barrier 
walls surrounding the switch termi- 
nals. Power ratings on the 1200 Se- 
ries pushbuttons are 8 A at 125 V ac, 
4 A at 250 V ac, or 4 A at 24 V de. All 
switches features a 0.3815-in.-diame- 
ter actuator that’s available in black, 
green, red, or white for coding or 
equipment-enhancement applica- 
tions. Both normally-open and nor- 
mally-closed single-pole models are 
available. Butt-action, double-break 
silver contacts are rated for a mini- 
mum electrical life of 10,000 cycles at 
full load in an operating environment 
of -20° to 55°C. A typical model (the 
normally-open 1213A2) sells for 
$2.06 each in quantities of 1000 or 
more. 

MORS/ASC 

134 Water St. 

P.O. Box 544 

Wakefield, MA 01880-4444 

(617) 246-1007 

> CIRCLE 659 


Vv ROTARY SWITCH SHIPS 
WITHIN 24 HOURS 


The CK Series of single-deck rotary 
switches are competitively priced 
and will ship within 24 hours of or- 
der. Each part features an adjust- 
able stop with a maximum of 12 posi- 
tions. The series accommodates up to 
four poles per switch, with shorting 
or non-shorting contacts. A positive- 
index mechanism produces crisp, de- 
fined switching action. Options in- 
clude bushings and shafts in various 
sizes to meet specific design require- 
ments. Current-carrying capacity is 
5 A with a contact rating of 150 mA 
or 250 V. Silver-plated brass contacts 
ensure a long service life in excess of 
10,000 cycles. The CK Series is built 
from molded construction using 
glass-filled nylon. Delivery on stan- 
dard commodity items is from stock. 
Customization is available upon spe- 
cific customer request. 

OakGrigsby Inc. 

88 N. Dugan Rd. 

Sugar Grove, IL 60554-0890 

(708) 556-4200 

> CIRCLE 660 


ELIMINATE 
NOISE 

AND AS 
GROUND *, 
LOOPS * 


MADE IN U.S.A. 


Model 262 y 
OPTO ISOLATED RS-232 TO RS-422 CONVERTER 


Total isolation and conversion is provided with Model 262. Elim- 
inates ground loops and withstands 10KV surges. Full duplex 
transmission up to 19,200 bps over 2 miles. $142 


Model 268 » RS-232 OPTO ISOLATOR 


Provides communications link that has no electrical connec- 
tions from port to port. Eliminates noise problems and provides 
two, full duplex, optically isolated signal paths without any 
external power. $126 


Model 281 ¢ RS-422 OPTO ISOLATOR 


Provides full duplex plus handshake link while eliminating 
any electrical connections between ports. Has optically 
isolated signal paths for data and needs no external power 
to operate. $158 


270 E. Pulaski Road 
BS Re RS ee ee 
Greenlawn, NY 11740 
te le l=} a TEL: (516) 423-3232 
FAX: (516) 385-8184 
TECHNOLOGY, INC. 1-(800) 835-3298 
CONNECT - COMMUNICATE - SUPPORT 


READER SERVICE 155 


The Best Points About 





Are Their Low Points 


/CHO-SEAL’ 3000 EMI Gaskets... 


[Bi Low Cost - less than half the price of traditional 


conductive elastomers. 
[@ Low Closure Force - under 1 lb/in. 


@ Low Effort Installation - without adhesives. 


They have their high points, too. Like shielding 
effectiveness of over 70 cB from 30 MHz to 
1GHz, and a wide range of standard cross 


sections. 


Find out why Chomerics® CHO-SEAL 
3000 EMI shielding gaskets are feng 
a 


electronic products. 


Call or fax for complete information. 


high points in hundreds of commerci 


CHOMERICS 


(Kye) 77 Dragon Court 
Woburn, MA 01888 
Tel: 617-935-4850 
cerTiFieD Fax: 617-933-4318 


Chomerics (UK) Ltd. 
Parkway, Globe Park 


Marlow, Bucks England SL7 1YB 


Tel: (0628) 486030 
Fax: (0628) 476303 


READER SERVICE 85 
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PACKAGING & MATERIALS 





‘V NO-CLEAN PASTE 
DOESN’T MIND OXYGEN 


A low-residue, no-clean solder paste 
is designed for reflow in a nitrogen 
atmosphere with high oxygen con- 
centrations. The F363 solder paste 
can tolerate up to 5000 ppm of oxy- 













gen during processing, and leaves a 
clear residue of only 2.2 to 2.3% on 
the board. Processing of fine-pitch 
components to 12 mils is possible 
with excellent wetting, even on bare 
copper. There’s no tendency for the 
paste to create solder beading on 
chip resistors and capacitors, and the 
very low flux residue is non-corro- 
sive. Call for pricing and delivery. 

Heraeus Inc. 

Cermalloy Div. 

P.O. Box 306 

W. Conshohocken, PA 

19428-0306 
(610) 825-6050 
> CIRCLE 661 


‘V DIE-ATTACH ADHESIVE 
REDUCES POPCORNING 


A low-stress cyanate ester adhesive 
features a low modulus of elasticity 
to reduce warpage of large chips 
bonded to thin lead frames. The low 
warpage, in turn, helps make chips 
resistant to “popcorn” cracking, 
which can damage or weaken a plas- 
tic package and eventually cause the 
encapsulated chip to fail. The 
JM2500 adhesive exhibits moisture 
absorption similar to that of epoxies. 
However, cyanate ester ingredients 
can chemically react with moisture 
to form a thermally stable by-prod- 
uct. This dramatically reduces the 
explosive forces typically created by 
moisture flashing off during reflow, 
which causes popcorn cracking. Call 
for samples and pricing information. 

Johnson Matthey 

10080 Willow Creek Rd. 

San Diego, CA 92131 

(619) 566-9510 

> CIRCLE 662 





VW CONDUCTOR SYSTEM USES 
INORGANIC BINDING 

A unique inorganic binder used in 
the C1000 Conductor System deliv- 
ers high conductivity and solderabil- 
ity for hybrid-circuit and component 
manufacturing. The C1000 System 
comprises four silver or palladium/ 
silver pastes that provide excellent 
long-term aged adhesion and excep- 





tional adhesion after thermal cy- 
cling. C1000 is the pure silver conduc- 
tor, while C1008 is a 3:1 palladium/ 
silver conductor, C1006 is a 6:1 palla- 
dium/silver conductor, and C1012 is 
a 12:1 silver/palladium conductor. 
All conductor pastes are cadmium- 
free and are compatible with the 
Heraeus air-fireable resistor sys- 
tems. Call for pricing and additional 
information. 

Heraeus Ine. 

Cermalloy Div. 

P.O. Box 306 

W. Conshohocken, PA 

19428-9306 
(610) 825-6050 
> CIRCLE 663 


VW VXI HARDWARE KIT 

FITS WIDE MODULES 
The Model 114343 VXIbus Hardware 
Kit is designed to package dual-wide 





VXI modules by overcoming the 0.8- 
in. component-height limitation im- 
posed by single-width modules. It 
helps package modules with high 
components or modules with daugh- 
ter boards. The clamshell-type de- 
sign has metal side shields that close 
against the primary pc board. RF 








gaskets on the covers press against a 
ground strip on the board to provide 
an RFI-proof joint. An extruded 
front panel mounts directly to the 
board, and stays in place even when 
the side shields are removed. Numer- 
ous air slots are provided along the 
top and bottom edges of the covers to 
maximize the amount of cooling air 
blown over the module’s compo- 
nents. The Model 114348 Hardware 
Kit includes a machined blank front 
panel, all necessary hardware, ejec- 
tors, and pe-board layout informa- 
tion. It’s available now for $325. De- 
livery is in one to four weeks. 

ICS Electronics Corp. 

473 Los Coches St. 

Milpitas, CA 95035-5545 

(408) 263-5500 

> CIRCLE 664 


Vv LOW-LOSS CABLES 
HAVE HIGH STABILITY 


A family of low-loss, semi-rigid coax- 
ial cables exhibits high phase stabil- 
ity with temperature. The cable uses 
a special PTFE dielectric that typi- 
cally has attenuation per 100 ft. 
that’s 15-20% less than that of cables 
using standard dielectric. The spe- 
cial dielectric also has a lower coeffi- 
cient of thermal expansion that does 
standard dielectric, which improves 
phase stability with temperature. 





Operating-temperature range is — 
100° to 250°C. The new low-loss cables 
are available with outside diameters 
of 0.047, 0.070, 0.0865, 0.120, and 
0.141 in., and with a variety of male 
and female connectors. Cables can 
be purchased in sets matched for 
phase or amplitude. Call for pricing 
and availability. 

Micro-Coax 

a div. of UTI Corp. 

Box 993 

245 W. sth Ave. 

Collegeville, PA 19426-0993 

(610) 489-3700 

> CIRCLE 665 
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VW HEAT SINKS WITHSTAND 


WAVE SOLDERING 


Series 5808 high-rise heat sinks fea- 
ture special tabs that lock securely 
onto pe boards during wave solder- 
ing. The heat sinks will accept one or 
two TO-218 or TO-220 semiconductor 





packages. Shur-Lock spring-action 
tabs, which go all the way through 
the pe board, prevent the heat sink 
from leaning or tipping during the 
soldering process. The slim design of 
the Series 5308 heat sinks increases 
surface area to improve cooling, 
while its twisted fins improve air 
flow. The tabs also serve as a 0.1-in. 
standoff for easy cleaning, and to 


permit routing of traces under the 
heat sink. The company’s optional 
Kool-Klips stainless-steel spring 
clips snap into the heat sink to quick- 
ly attach plastic power devices. 
These devices can be mounted on one 
or both sides of the heat sink. Tests 
show that thermal efficiency in- 
creases 33% when using two devices. 
Call for pricing and delivery. 

Aavid Engineering Inc. 

One Kool Path 

P.O. Box 400 

Laconia, NH 03247-0400 

(603) 528-8400 

> CIRCLE 666 


W EMI GASKETS EXPLOIT 

LOW CLOSURE FORCE 
Soft-Shield II self-terminating, low- 
closure-force EMI gaskets optimize 
the shielding of commercial electron- 
ics cabinets and metallized plastic 
housings. The gaskets provide up to 
60 dB attenuation from 30 MHz to 1 
GHz. The conductive yarn that’s 
knitted as the gaskets’ outer layer is 
self-terminating, requiring no sec- 


PACKAGING & MATERIALS 











ondary treatments. This also elimi- 
nates any metal-particle debris 
that’s common with conventional 
wire-mesh gaskets. Its foam core 
needs a closure force of less than 1 
lb/in., allowing for designs with few- 
er fasteners and thinner panels and 
more flexibility in enclosure design. 
The gaskets are easy to apply and 
can be supplied with a pressure-sen- 
sitive adhesive strip for quick and ef- 
ficient mounting to cabinets and 
housings. Typical pricing for Soft- 
Shield IT gaskets is under $1 per ft. 

Chomerics Inc. 

77 Dragon Ct. 

Woburn, MA 01888-4014 

(617) 935-4850 

> CIRCLE 667 





DESIGN-IN 
WASHABILITY 


FREE Design Guide 


When it comes to washable switches, NKK backs 
you with more sizes, more circuits and more quality 
than anyone else in the industry. NKK is your source 
for the first washable super-subminiature family, 

the smallest washable toggle, rocker and pushbutton 
devices, plus the world’s most reliable switch 

contact mechanism (STC). So don’t start your design 
without a free copy of our 456-page Design Guide 
and free tech support. Call 602/991-0942, , 

FAX 602/998-1435 or write NKK Switches, | 



















Cre 
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Switches 
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NEW LITERATURE 


V 19-IN. ENCLOSURES 
FILL 140-PAGE BOOK 

A completely revised, full-color 140- 
page catalog details a broad line of 
electronic cabinetry. Featured is the 
Rittal iS (integrated system) of 19-in. 
installation systems. These include 
the Uniset/Varioset iS, a flexible 
card-frame system; the Vario Mod- 
ule iS, an aesthetically attractive in- 





frame and 19-in. rack-mounting ca- 
pabilities; and the updated Vario- 
Rack iS, which combines stability 
with functionality. An extensive 
range of system accessories for 
user-specific configurations comple- 
ments the product information. 

Rittal Corp. 

3100 Upper Valley Pike 

Springfield, OH 45504 

(800) 477-4000 

> CIRCLE 668 


‘V PC-BASED SOFTWARE 
GIVES CROSS REFERENCE 


NTE’s full line of semiconductors, 
relays, and recently introduced fly- 
back transformers are all cross-ref- 
erenced in version 8.1 of the compa- 
ny’s QuickCross software for PCs. 
The new version features an updated 
semiconductor cross-reference of 
250,000 items and an updated relay 
section with 30,000 items. In addition 
to the flyback transformers, a selec- 
tor guide on snap-in-mount capaci- 
tors has appeared. Version 3.1 has 
network support for up to 500 users 
and contains a time toggle to prompt 
users to request a new version in 13 
months. Three disk sizes range in 
price from $6.75 per set. 

NTE Electronics Inc. 

44 Farrand St. 

Bloomfield, NJ 07003 

(800) 683-6837 

> CIRCLE 669 





VW OEM SUPPLY CATALOG 
COVERS 125+ MODELS 

More than 125 models of OEM power 
supplies, including many with 3-V 
main outputs, are covered in a cata- 
log from Todd Products. The catalog 
includes data on fault-tolerant sys- 
tems, self-cooling designs, and high- 
wattage supplies. It’s profusely il- 
lustrated with full-color photos and 
detailed dimensional diagrams. Com- 
plete specifications are included for 
all models. A handy power-supply lo- 
cator helps nail down the correct sup- 
ply for your application. 

Todd Products Corp. 

30 Hmyjay Blvd. 

Brentwood, NY 11717 

(516) 231-3366 

> CIRCLE 670 


V QUARTZ COMPONENTS 
OFFER DIVERSITY 


A diverse line of quartz components, 
ranging from microprocessor crys- 
tals and custom types to watch crys- 
tals, crystal oscillators, and mono- 
lithic crystal filters, is detailed in a 
24-page catalog. Dimensional dia- 
grams are complemented by com- 
plete specifications for each product. 
A form is included with which to re- 
quest quotes on specific custom 
products. 

Cardinal Components 

22S. Park St. 

Montclair, NJ 07042 

(201) 746-0333 

> CIRCLE 671 


V SWITCH DESIGN GUIDE 

IS NEWLY UPDATED 
New listings for surface-mount, 
lighted, washable, and many other 
switch device categories have been 
added to the 1994/95 edition of 
NKK’s engineering design guide. 








The guide provides information on 
how to specify and order any one of 
over a million different part num- 


bers. Each of the reference’s 54 sec- 
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tions contains Switch-Builder infor- 
mation that allows engineers to 
quickly and accurately identify the 
exact circuit, termination, actuator, 
rating, and hardware needed to com- 
plete a particular design. Several 
thousand precision dimensional 
drawings are included for simple cut- 
and-paste design-ins. 

NKK Switches 

7850 E. Gelding Dr. 

Scottsdale, AZ 85260 

(602) 991-0942 

> CIRCLE 672 


‘VW EXPANDED CATALOG 
COVERS HEADERS, SOCKETS 
A 60-page, newly revised catalog of 
pe-board connectors is far more com- 
prehensive than the 40-page volume 
it replaces. Increased coverage is 
provided of 2-mm-centerline offer- 
ings, 0.050-in.-centerline products 











0.100- and 2-mm centers. An easy-to- 
use format presents technical data 
organized by centerlines. Pick-and- 
place packaging is available for both 
headers and sockets. 

Comm Con Connectors Inc. 

1848 Evergreen St. 

Duarte, CA 91010 

(818) 301-4200 

> CIRCLE 673 


Vv SELECTOR SPANS 

POWER SEMICONDUCTORS 
An easy-to-use product-selector 
guide covers Powerex’s entire line of 
power semiconductors. That spans 
transistor modules, rectifier and thy- 
ristor modules, and discrete high- 
and low-power products. The guide 
includes tables with basic paramet- 
ric data, numbering systems for 
each product family, and package 
outlines. 

Powerex Inc. 

200 Hillis St. 

Youngwood, PA 15697 

(800) 451-1415 

> CIRCLE 674 





PRODUCT INNOVATION 


Peripherals 


Supports: 

dist 

: with nibble, 
(16-33 MHz) bytes 
ECP 
and 

EPP modes 


Control panel 





1, EXCEPT FOR THE DRAM AND ROM, the GT-32010 controller developed by Galileo Technology provides all basic control 


and interface support for a laser-printer’s RISC CPU. Direct printer support includes both print-engine and video-interface control, as well sa 
support for the Adobe Typhoon Font rasterizer coprocessor. In addition, the chip's counter-timer, DMA control channels, bus arbiter, bidirectional 
Centronics port, and 8/16-bit I/O bus add popular support functions to any control system. An alternative to the GT-32010, the GT-32011, 
eliminates the printer-specific features (video interface, engine control, Typhoon interface) and thus offers a lower-cost option. 


INTEGRATED CONTROLLER 
SUITS LASER PRINTERS 


DAVE BURSKY 








anufacturers of cost- or space-sensitive systems, such as laser print- 
ers and other peripherals, are constantly struggling to stay competi- 
tive. They must forever shrink the product’s cost and size, while at 
the same time have it deliver even greater performance. To that end, 
many system developers have turned to RISC processors, such as 
the R3000, to serve as the embedded controller. 

However, although RISC processors deliver impressive throughputs, they have not been 
known to deliver highly integrated solutions. Their “claim to fame” has been a small chip 
area for high-performance computing. Thus, highly-integrated swpport circuits for the 
RISC CPUs are essential to completing the system design. 

To fill this support void, Galileo Technology created the GT-32010 system controller. 
Targeted at laser/page printers and other control systems, it works in conjunction with 
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any member of the Integrated Device 
Technology R3051 family of MIPS 
processors. Together, the two chips 
form a complete subsystem (plus 
memory) that can control laser print- 
ers or other complex peripherals 
(scanners or other electromechanical 
devices). 

The highly integrated controller 
circuit includes DRAM and ROM con- 
trol to support the local RISC proces- 
sor, three DMA channels for inde- 
pendent data movement without 
CPU intervention, and a bidirectional 
Centronics-compatible parallel port 
(IEEE-1284 Rev. 2) for communica- 
tion to the host system. It also has an 
interrupt controller, a programmable 
24-bit counter-timer, a configurable 
I/O bus, and a half-dozen programma- 
ble I/O lines for front-panel or other 
control functions. 

Printer-specific resources start 
with a coprocessor interface to 
Adobe’s Typhoon Font rasterizer, and 
a custom acceleration engine that can 
optionally be added. In addition, the 
chip contains both video- and print- 
engine control blocks that coordinate 
all the data transfers and motor con- 
trol for the print engine. 

Although the GT-32010’s primary 
application is the page printer, its on- 
chip features suit it well for a wide 
variety of applications. A derivative 
product aimed at a wider variety of 
applications, the GT-32011, offers all 
the features except for the printer- 
specific resources, and is thus less ex- 
pensive than the 32010. 

Moreover, both chips can operate 
over a broad frequency range from 16 
to 33 MHz, allowing system designers 
to create several performance/price 
points in a product family. Housed in 
an inexpensive 160-lead plastic quad- 
sided flat package, both system con- 
trollers will also be priced low enough 
that designers shouldn’t feel they 
have to use every feature to make 
sure they get their money’s worth. 

Specific features that support page 
printers include the engine control 
block, which provides control and 
status lines to the print engine, and 
also provides the horizontal and ver- 
tical margin counters. The companion 
video controller block includes a four- 
entry (82-bit-wide) FIFO buffer and 
data serializer, and DMA support 
(with chaining) to move data into the 
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FIFO. There’s also a phase-locked 
loop to synchronize video data to the 
Linesynch signal and move data at up 
to 10 Mbits/s, and support for full-du- 
plex printing. The PLL can be by- 
passed for engines that supply a 
video-clock signal at up to 33 Mbits/s. 
In addition, the glue-less interface 
to Adobe’s font-rasterizer coproces- 
sor makes it simple to upgrade the 
printer by just dropping in the Ty- 
phoon chip—a big benefit especially 
to the Asian end-user markets that 
need the acceleration due to the com- 
plex character sets. The GT-32010 
controls all of the data and address 
buffers that isolate the Typhoon from 
the address bus. As a master, it allows 
the Typhoon controller to access 
DRAM, ROM, and the I/O bus (for 
font cartridges). As a slave interface, 
the controller supports CPU reads 
and writes to and from the Typhoon. 


LARGE MEMORY SPACE 


The use of large numbers of fonts in 
laser printers also necessitates that the 
control logic be able to access a large 
address space. As a result, the GT- 
32010’s designers included on the chip a 
DRAM controller that can address up 
to 40 Mbytes of non-interleaved 
DRAM, as well as a ROM controller 
that can access up to 20 Mbytes of inter- 
leaved or noninterleaved fixed memory. 
Both the DRAM and ROM banks sup- 
port single-transfer reads and writes 
and burst reads, which allows the fast 
transfer of large blocks of data. 

The bidirectional Centronics port 
included on the control chip supports 
both DMA- and CPU-controlled 
transfers, including nibble and byte 
transfers, and is compatible with the 
ECP and EPP enhancements to the 
Centronics port. Thus, not only can 
the host send data to the printer, but 
also the printer can send back a lot 
more in the way of status informa- 
tion—everything from status infor- 
mation on the paper or the toner to the 


_ size of the paper being used—depend- 


ing on the sensors embedded and the 
control software used. 

In addition to the parallel port, the 
configurable I/O bus included on the 
controller allows the chip to provide 
either an 8- or 16-bit 80186-style inter- 
face to control a wide range of I/O pe- 
ripherals. The bus can look like two 8-bit 
channels and provide either DMA or 
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non-DMA accesses, with CPU re- 
quests superseding DMA operations. 
It can perform 8-to-32-bit packing or 
32-to-8-bit unpacking for DMA opera- 
tions, and provide round-robin arbi- 
tration with the Centronics interface. 

Also able to provide two 16-bit chan- 
nels, the I/O bus can operate in 16-32 
and 32-16 packing and unpacking modes 
to ease the CPU/Typhoon access to the 
I/O devices. The CPU can access any 
byte or half word. Bus switches support 
both big- and little-endian word struc- 
tures. To support a variety of print en- 
gines and I/O devices, the I/O bus also 
allows the timing of its signals to be 
programmed. The I/O bus can also be 
used to attach additional storage, such 
as disk drives, or specialized I/O inter- 
faces, such as network adapters, or 
PCMCIA peripherals. 

An internal interrupt controller 
allows the chip to deal with 22 inter- 
nal interrupt sources and six exter- 
nal sources. Each line permits indi- 
vidual bit masking and can thus be 
used with polling or interrupt- 
driven designs. Internal interrupt 
sources include the video DMA, line, 
band, page, timer-counter, I/O chan- 
nel (8), Centronics (reset, read, 
write, equal), UART, parallel I/O, 
and some reserved lines. External 
interrupt sources come in through 
the six programmable I/O lines and 
are set as active-Low inputs. 

Timing-related operations are con- 
trolled by a 24-bit programmable 
timer that will interrupt on the termi- 
nal count, and provide automatic re- 
load from the valve register and con- 
tinue count. In the counter mode, the 
unit will interrupt on a terminal count 
and stop counting; to restart the 
count, a new value must be written to 
the counter and the enable-bit set. 0 


PRICE AND AVAILABILITY 

Housed in a 160-lead PQF'P, the GT-32011 
system controller sells for $17.95 apiece in 
lots of 10,000 units. Pricing for the GT-32010 
will be determined shortly. Samples of both 
chips are immediately available, as is a ref- 
erence design kit. 

Galileo Technology Inc., 1735 N. First St., 
Suite 308, San Jose, CA 95112; Manuel Alba, 
(408) 451-1400. CIRCLE 511 
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SERI AL EEPROMS To compliment its family of Inter-IC and Microwire-compatible serial-inter- 


face EEPROMs, SGS-Thomson Microelectronics, Lincoln, Mass., has re- 


UPGRADE INTERFACE leased a family of similar EEPROMs that are compatible with the 1-MHz se- 


rial-peripheral interface available on Motorola microcontrollers. The chips include the 
ST95P02C, 04C, and 08C, which are organized as 256 words by 8 bits, 512 by 8, and 1024 by 8, re- 
spectively. The memory chips include hardware and software write-protection schemes that 
start with a Write-Protect pin to lock out writes when the signal on the pin is low, and include 
several nonvolatile status bits that allow blocks of memory to be selectively write-protected 
under software control. The memories are organized as 16, 32, or 64 pages of 16 bytes, and up 
to 16 bytes in any page can be written in one nonvolatile write cycle. Programming is self- 
timed; maximum cycle time is 5 ms. The chips have a guaranteed endurance of 1 million erase/ 
write cycles, with minimum data retention of 10 years. They come in 8-pin miniDIPs or SO 
packages, and can operate from one 38- to 5.5-V supply. Available now, samples are $1.45 each 
in lots of 1000. Call Pierre Matte, (617) 259-2527. DB CIRCLE 601 


A serial EEPROM designers kit assists engineers in programming and creat- 
DEVELOPMENT KIT EASES ing applications based on serial EEPROMs. The collection of serial EE- 
SERIAL EEP ROM DESIGNS PROMs, PC-hosted software, and programming card assembled in the kit by 


Microchip Technology, Chandler, Ariz., offers tools to speed system designs and ensure prop- 
er component selection. The software tools provided in the kit allow designers to factor in the 
application environment in the selection and evaluation process in the calculation of the erase/ 
write endurance, ensuring a more robust and reliable system design. Included is SEEVAL, a 
serial EEPROM programming and evaluation system, the total Endurance software disk, 
which contains the application analysis and design tools and a tutorial and hypertext help file, 
a serial EEPROM data handbook, and various support materials. Initial price is $93.24; $149 
after Sept. 30. Call Peter Sorrells, (602) 786-7200. DB CIRCLE 602 


SM ART B ATTERY CH ARGER A microprocessor-based battery charging controller, the ATC106 provides a 


fast-charge solution for either NiCd or NiMH batteries. Incorporating the 


TRIMS CHARGING TIME latest charging techniques on its on-chip memory, the circuit, from Shoreline 


Electronics, Santa Clara, Calif., can help to charge batteries in as little as 15 min. As part of the 
on-chip circuitry, the ATC106 includes a “Zero Delta V” circuit optimized specifically for 
NiMH batteries, which allows the number of cells and charge current to be easily adjusted. It 
also includes a 15-hr. trickle-charge termination to stop overcharging damage to NiMH batter- 
ies. A self-test feature is included to test all critical functions of the completed charger, 
assuring the system is functioning properly. Features that can be tested include maximum 
timer, full-charge indication, AT/At sensitivity, -AV sensitivity, fast-charge mode, discharge 
mode, and LED test. In 1000’s, the ATC106 is $3.50 each in a 24-lead shrink DIP or 24-lead plas- 
tic SOP. Call Sun Choi, (408) 987-7733. DB CIRCLE 603 


PCB TOOLS INTRODUCE Accel Technologies, San Diego, Calif., has a new program of floating-net- 


work software licensing for its PC-based TangoPRO for Windows line of pe- 


P C-NETWORK LICENSING board design tools. With Tango Network Licensing, users can check out a 


license of TangoPRO from a bank of licenses resident on the network. The system saves disk 
space, reduces the licenses required to service a workgroup, and eliminates the need for 
software-security devices on each computer. Network-based floating licenses, which are pop- 
ular on Unix-based workstations, weren’t promoted in PC-based design automation because 
PCs don’t contain unique address IDs. Working with software security maker Rainbow Tech- 
nologies, Irvine, Calif., Accel implemented a network-security scheme for its Windows-based 
EDA tools, which provides the same benefits as a Unix-based system. The price for the net- 
work floating license is set as a surcharge over the single-license price. At quantity one, the 
network license surcharge is 50%, with no quantity discount. For three, the surcharge is 25%. 
As quantities go up, the discount increases. Tango Network Licensing will be available in 
September. Call (800) 488-0680 or (619) 554-1000. Lu CIRCLE 604 
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NEW PRODUCTS 


COMMUNICATIONS 





SWISS-ARMY MODEM CHIP 
HANDLES DATA, FAX, VOICE 


he business traveler’s fanta- 

sy of acompact electronic of- 

fice has taken a large step to- 
wards reality with the development 
of a pair of “Swiss Army” chips, 
which can be used as a fax or data 
modem, an answering machine, and 
a telephone handset for wired or cel- 
lular applications. The CL-MD1414 
family of multipurpose modems was 
designed to provide a complete set of 
bundled features for desktop, lap- 
top, or even handset-based products. 

The two-chip set is designed to op- 
erate using an external ROM, 
EPROM, or flash memory, allowing 
it to easily be configured to operate 
under nearly any international com- 
munications standard. Subroutines 
for use in the modem’s firmware, 
which provide support for most in- 
ternational fax, data, and telecom- 
munication standards, is supplied by 
Cirrus at no extra charge. 

For data transmission, the modem 
is capable of supporting all standard 
protocols, up to V.82bis, yeilding 
data rates of up to 14.4 kbits/second. 
The device provides error correction 
using either TIA standard V.42 or 
Microcom-licensedMNP2-4 tech- 
niques. Data compression up to 4:1 
may be achieved using the chip’s 
V.42bis or MNP5 algorithms. 

Used as a fax modem, the chip set 
supports all standard protocols for 
Class 1 and 2 transmissions, includ- 
ing the V.17, V.29, V.27ter, and V.21, 
permitting data rates up to 14.4 
kbits/second. Standard and fine res- 
olution modes are also software se- 
lectable. 

In addition to complete modem and 
fax capability, the engineers at Cir- 
rus found enough real estate on their 
chips to include a sophisticated tele- 
phone network interface and voice 
handling capability. Using the em- 
bedded voice mode “AT”? command 
set, the modem may be commanded 
to function as a standard telephone 
handset. In this mode, the chip can 
originate or receive calls, with only 
the addition of an external speaker 
and microphone. 

When receiving calls, the incom- 
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ing message may be digitized ata va- 
riety or rates (4800 to 22050 samples/ 
second) and passed to an external 
storage device for playback ata later 
time. To save memory space, either 
ADPCM, linear, or CL1 compression 
algorithms may be selected. The chip 
also supports a “caller ID” function 
to permit programmed or manual 
call screening. Using these features, 
designers can easily give a computer 
the capabilities of a sophisticated an- 
swering machine or multiuser voice 
mail system. 

The CL-MD141U chip family uses 
a single +5V supply and has a sim- 
ple, flexible interface structure, for 
easy application in a variety of prod- 
ucts. In conventional computer appli- 
cations, the CL-MD141-UN may be 
interfaced directly to any ISA bus as 
a selectable address COM port with 
no external decode logic. For 
PCMCIA applications, the CL- 
MD141-UNP connects directly to a 
PCMCIA 2.1 bus and has a program- 
mable CIS (internal card information 
structure) memory. 

Both chips provide an MNP 10 in- 
terface for cellular applications. 
Firmware and user-specific configu- 
ration data may be easily stored in an 
external ROM via the chip’s built-in 
memory interface. The interface also 
supports RAM or flash memory, per- 
mitting firmware changes to be 
made as needed. A separate memory 
path may be interfaced to an 
NVRAM if desired. 

The chip set come in VQFP pack- 
aging, making PCMCIA applications 
possible. The compact size and low 
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power consumption (450 mW operat- 
ing, 40 mW standby) make it a good 
candidate for portable applications, 
as well as desktop computers where 
motherboard space is at a premium. 
Both chip sets will be available in 

sample quantities early in the fourth 
quarter of 1994, with full production 
anticipated soon after. Pricing will 
be $50 for either chip set in quantities 
of 1000. 

Cirrus Logic Incorporated, 

3100 West Warren Avenue, 

Freemont, CA 94588; (510) 623- 

8300. 


@ LEE GOLDBERG 








MODULAR FIBRE- 

CHANNEL TRANSCEIVERS 
The HFBR-5301 and HFBR-5302 F'- 
bre-Channel receivers provide sys- 
tem designers with low-cost frac- 
tional Gbit links in the new standard 
1X9 SIP package. These compact 
modules use a 1800-nm LED to pro- 
vide data rates of 183 and 266 
Mbitsper second. 

Both transceivers can interface to 
either 62.5/125-um or 50/125-ym 
multimode fiber-optic cables via 
their integral duplex SC optical-fiber 
connectors. The transceivers mount 
directly on a circuit board via the 
nine-signal pins and two solder 
posts, which provide sturdy mechan- 


a 


ical support. 
In quantities of 1000, the 133- 
Mbits/s HFBR-5301 is priced at $80, 
while the 266 Mbits/s HFBR5302 
costs $100. Both units are available 
immediately. LG 
Hewlett Packard Company, 5301 
Stevens Creek Blvd., Santa Clara, 
CA 95052-8059; (800) 357-7719, 
ext. 8364. 


DES I16 NEY 





PERFORMANCE MOTION DEVICES 
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NEW PRODUCTS 


COMPONENTS 





INFRARED SENSOR 
INCLUDES CONNECTOR 

The HOA7000 Series connectorized 
infrared sensor is a transmissive as- 
sembly with a TTL output. The sen- 
sor features a built-in connector for 
easy assembly into equipment. It 





consists of an infrared emitter and a 
Schmitt trigger detector enclosed in 
a polycarbonate housing. Detector 
Switching occurs whenever an 
opaque object passes through the 
slot between the emitter and detec- 
tor. The integral, three-pin connector 
simplifies installation to standard 
mating connectors. With its narrow 
6:8-mm width, the sensor’s package 
is easily stacked for multichannel de- 
tection. Open-collector or totem-pole 
outputs are offered. Typical applica- 
tions include data storage, duplica- 
tion products, instrumentation, and 
vending machines. Price is about 
$2.80 in lots of 25,000. Delivery is 
from stock. DM 

Micro Switch, a Honeywell Div., 

11 W. Spring St, Freeport, IL 

61032; (800) 367-6786. 


MULTILAYER FERRITES 
KILL 1500 MA OF EMI 
A surface-mounted EMI suppressor 


chip offers greater amperage than 
do standard chip beads. The BCB- 






1812-1.5A chip has a maximum rated 
current of 1500 mA. Typical amper- 
age for such devices is about 300 mA. 
The device’s higher rating suits it for 
applications in which EMI must be 
suppressed or attenuated while high 
current is maintained. These include 
motor-start/stop operations in disk 
or tape drives or any other applica- 
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tion involving large current spikes. 
The chip comes in a standard 1812 
package (4.5 by 3.2 by 1.5 mm). Im- 
pedance is rated at 125 N at 100 MHz. 
Operation is from -55 to 125°C. Pric- 
ing is $0.085 in lots of 100,000 with 
packaging in reels of 500. Delivery is 
in four to six weeks. DM 
Associated Components Technol- 
ogy, 11575 Trask Ave., Garden 
Grove, CA 92643; Erik Dieckhoff, 
(714) 636-2645. 


THERMAL BREAKER 
PROTECTS CIRCUITRY 
Bushing mounting, 0.250-in. quick- 
connect terminals, a visual trip indi- 
cator, and a reset button that cannot 
be manually tripped are all featured 





in the R58 Series of thermal circuit 
breakers. The line consists of 12 dif- 
ferent UL- and CSA-rated devices 
ranging in rating from 1 to 20 A. Op- 
erating at a maximum voltage of 50 
V de/250 V ac, the breakers offer di- 
electric strength of 1500 V ac rms 
and will continuously carry 100% of 
rated current. Call for pricing and 
delivery. DM 

NTE Electronics Inc., 44 Farrand 

St, Bloomfield, NJ 07003; (800) 

631-1250. 


PLASMA DISPLAYS 
BOAST EASY READING 
Excellent viewing characteristics de- 
fine a line of full-field, de-plasma dis- 
plays. Using a 128-by-64-pixel for- 
mat, two different viewing areas are 
offered: 5.10 by 2.55 in. (APD- 
128G064) and 12.75 by 6.35 in. (APD- 
128G064A and A-1). The displays 
combine neon-orange characters and 
graphics with high brightness and a 
150° viewing angle. Prices in lots of 
100 start at $120. DM 

Dale Electronics Inc., 1122 23rd 

St., Columbus, NE 68601-3647; 

Dale Raysby, (402) 563-6413. 
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LOW Roscony 60-V POWER MOSFETS 


STAND UP TO AUTOMOTIVE USES 


ith maximum on-resis- 

tance of just 8 mM, the 

TrenchF ET line of pow- 
er MOSFETs are claimed as the in- 
dustry’s first surface-mount MOS- 
FETs with such a low Rpgoy) rating. 
The devices, which are based on a 
proprietary Siliconix technology, are 
initially available in TO-220 and TO- 
263 (D?PAK) packages. 

The five-product family features a 
60-V breakdown voltage and 175°C 
maximum junction temperature to 
meet the harsh demands of the auto- 
motive environment. For applica- 
tions such as motor and pump con- 
trol, HVAC systems, fuel pumps, 
and braking systems, the devices 
provide maximum on-resistance rat- 
ings ranging from 8 to 18 m0. 

Compared to typical n-channel 
products, the TrenchFET power 
MOSFETs offer on-resistance specs 
that are so low that the need for heat 
sinking is dramatically reduced, 
which lowers parts counts and as- 
sembly costs. The surface-mount 
TO-263 packages also simplify the 
design and lower the manufacturing 
costs of automotive assemblies such 
as power steering, window lifts, and 
seat-positioning motors. 

All five of the MOSFETs are based 
on Siliconix’s trench vertical power- 
MOSFET technology. Initially, the 
devices offer transistor-cell densi- 
ties in excess of 8 million cells/in.”. 





The low on-resistance values reduce 
the need for paralleling MOSFETs 
and offer lower conduction and 
switching losses than typical 60-V 
parts. 

Samples and production quanti- 
ties of all five TrenchFET power 
MOSFETs are available now. Pric- 
ing in large OEM lots ranges from 
$0.96 to $1.93. 

Siliconix, 2201 Laurelwood 
Rd., P.O. Box 54951, Santa 
Clara, CA 95056-0951; (800) 554- 
5565, ext. 30. 
M@ DAVID MALINIAK 





Dc-DC POWER MODULES 
DELIVER UP TO 150 W 

The first two products in a family of 
high-density dce-de converters are 
now available. Model PKU 4111 Plis 
a single-output, 5-V, 150-W unit; and 
model PKU 4110 PI is a 3.3-V type 
with 100-W output. Both offer input- 
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voltage ranges of 36 to 72 V dc to cov- 
er 48/60-V systems. Features in- 
clude a pinout that duplicates that of 
AT&T’s FW Series with a smaller 
footprint and a maximum 100°C base- 
plate temperature. The units’ enclo- 
sure offers through-ventilation cool- 
ing, yet permits water washing after 
soldering. Input-to-output isolation 
is 500 V de. Parallel operation is per- 
mitted by means of a separate paral- 
lel-mode pin. Pricing is $155 each in 
lots of 100. DM 
Ericsson Components Inc., 403 In- 
ternational Pkwy., Richardson, 
TX 75081; Richard Hoag, (214) 
997-6561. 
TB: O22 7G 
AUGUST 22, 1994 
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- Vectron’s SCRM-1 55 at 155.52 MHz is an 


advanced clock recovery module, with the 
superior performance needed for true — 
SONET compatibility. Wideband jitter 
tolerance, coupled with narrowband jitter 


rejection improves system performance. 


Q Universal Compatibility 

Q Virtually Unlimited Cascades 

Q Can be used as a PLL 

Q Holdover feature offers +20 ppm 
accuracy with no data input 

Q Flat jitter response, 0 dB jitter peaking 

Q Jitter tolerance >2 Ul @ 6.5 kHz 

Q) Attenuates jitter by 12 dB @ 130 kHz 

Q) Eliminates pattern jitter problems 

Q Locks within 40 bit periods (260ns) 


To order a Free catalog, or for complete 
engineering assistance, call: 


(203) 853-4433 oe 
Fax: (203) 849-1423 | \ 


VECTRON LABORATORIES, INC. 


P.O. Box 5160. Norwalk, CT 06856-5160. 


A TECHNOLOGIES COMPANY 
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The Crystal Oscillator Company 
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TESTER TAKES AIM AT MULTICHIP MODULES 


THE SYSTEM COMBINES THE PERFORMANCE OF ANIC TESTER 
WITH THE FUNCTIONALITY OF A BOARD TESTER. 
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HE HP 82000 MCMIS Avs Ath BOs: TOs, He vee 
Channels andtemures an adge-piscement accuracy of 4250 ps. 


One click of the mouse takes you to 
the articles, the photo’s, the 
schematics, the charts -7t’s all there! 


Five complete years of Electronic ti... — ~ 
Design Magazine on one CD! . All the letter. 5 














Fr CD-ROM, produced by the Editors of Hyperwritermakes the information on this disk instantly 
HIS: Electronic Design Magazine, contains five com- accessible through hypertext links. Links made directly through 
plete volumes - that’s 124 past issues of Electronic Design | each topic (article) to pictures, illustrations, schematics, full glos- 
Magazine. Presented in 16-color VGA, it’s packed with more | saries, product demos, and contact names, plus past and oe | 
than 4,000 photos and graphics. All the articles, features, prod- | quent related topics. 

uct reviews, product updates (even product demos!), editorials, Specific topics are quickly located using the seeded search 
letters are included - everything electronics industry professionals | features provided. Using a key-word or key word strings, you get 
| expect from Electronic Design. a list of all related topics-instantly oe 
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Learn the backbone ef the Elel the backbone of the Electronic Serien Magazine oD. ROM interface - the > BUTTONBAR. 







Powerful, hypertext-based commands let 
you quickly and efficiently find, re-find, 
link, make notations, leave bookmarks, 
export, print, search, get product demos, 
and even return to your operating system! 


External - Life beyond this disk 





















~ Export Filename The Export button 

Fil en 
Ef Will export any or all 

ae of an article based on 
neo La tees 
| SRYGLOBE. TXT = your sciection. 
| i DOS & Win 
ie S DOS brings you to 

the DOS prompt 


screen wand Win takes you into Windows™ 
without quitting the application. These 
buttons make it easy for you to return to 
Electronic Design Magazine, where you left 
off, without re-launching, 


Setup & Print - This feature allows 
you to print articles, editorials, glos- 
saries, illustrations, and even photos (if 
your printer is capable) directly from this 
CD. Great source for reference. 


Bookmarks and Notes 
BkMrk - Bookmarks flag topics for future 


reference, just like using a bookmark in a 
[Lad Noned Booknark | real magazine. Mark 
:. | # a spot, and the book- 


mark is stored even if 


= 


a | 1 GOTO brings you 


back to your book- 
marks. Deleting them is just as simple. 
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Nance The Bookmark 


Notes - Add and find your own notations. 
Notes stay until you delete them, even after 
you quit. 





Reader’ s Notes Annotation 


looks like the Transputer will be the 
next hot chip. We should get our best 
ledesign team working on a Transputer 
H based project as soon as possible.> 
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Gen. Info - Complete reference 


Contacts - Company names, addresses, 
contact names, phone numbers- all of the 
information you need to follow up. 


SEARCH dialog boxes 


Simple search (top), Complex Search (center), 
and Search occurances found (bottom). 

























Glossary - Full article glossaries, pro- 
vided by the Editors of Electronic 
Design magazine. The CD also comes | 
with WORD LINK, which allows you 
to click on any word within the article and 
if it’s in the glossary, the definition pops 
up. When youre done, a simple click and 
its gone. 


Available opertae: &=AND {=0R “=NOT ~=XOR 


Decreases) pte soa 


Gperator Sa 
[on 1) Oe <2 find Not 


Navigation Aids - Magellan you're not, 


and you don't need to be! 


All the aids youll need to motor your way 
through this CD in no time flat. 

CLR - Clear Back Links - Because every 
atticle you move to loads into RAM, this 
function allows you to clear articles you've 
finished. This frees up RAM for you to 
continue. 

TOC - Table of Contents - Takes you 
directly to the Volume Table of Contents 
(the whole year) with special links provided 
to Issue T-O.C. 


Duration 


Topte ‘Nome 
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| SRH - Search - Conduct simple, complex 
or proximity indexed searches. 
SDX - Subject Index - A hierarchical list 
of key subject areas compiled by the Editors 
of Electronic Design. The index also allows 


direct access to related topics. 


HELP - instant on-line help for all 


- Written in plain, easy to understand terms 
providing information for novice and pro 
alike. Available in any user screen. 









Topic Name 
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REL - Show- Related Articles - Calls up a 
list of, and lets you move to, related topics. 
HST - Show-Related History - Shows 
each topic visited during your current ses- 
sion and how long you were there, and 
then lets you return to previous topics. 


~ MINIMUM SY. 
386 PC or better 
video card adaptor w/640 x iE: 


ixel resolution 16 colors. 
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BBS SOFTWARE ENHANCED FOR FLEXIBILI 


o meet demand for features 

that allow bulletin board sys- 

tems (BBS) to be tailored in- 
dividually, Mustang Software’s de- 
velopers rewrote Wildcat! BBS soft- 
ware from top to bottom. As aresult, 
version 4 of the software has 250 en- 
hancements, including a GIF thumb- 
nailer, which enables callers to pre- 
view miniature versions of multiple 
picture files on screen before down- 
loading a specific file. 

Version 4 also incorporates an im- 
proved chat capability, which eases 
live, online conversations through 
the bulletin board system. The sysop 
now has more organizing power to 
set up and manage parties to specific 
conversations and to speed up ex- 
changes. 

With version 4, sysops can alter 
the four-menu structure—main, 





message, file, and sysop—to pro- 
duce their own menu choices based 
on individual BBS requirements. 
Sold separately from the software, a 
new programming language, 
wceCODE, includes an integrated de- 
velopment environment with compil- 
er, editor, and help screens. 

Said to be easy to use, weCODE is 
a QuickBasic language that enables 
the sysop to write BBS applications 
without having extensive program- 
ming experience or detailed knowl- 


TY 


edge of BBS elements like modems. 
Other enhancements include an im- 
proved organizing system that in- 
creases database search-and retriev- 
al speeds tenfold compared with pre- 
vious versions. Version 4 provides 
for 32,760 separate conference and 
file areas compared with 1000 in ear- 
lier versions. 

DOS-based, Wildcat! version 4 
starts at $129 for a single-line pack- 
age; a corporate version for 10 lines 
is $249; a 250-line version is $499. The 
wcePRO utilities, which includes a 
program for automatic faxing of 
documents, is $99; the weCODE lan- 
guage is $149. 

Mustang Software Inc., Post Of- 
fice Box 2264, Bakersfield, CA 
93303, (805) 873-2500; fax -2599; 
bulletin-board service - 
2400. 
M@ SHERRIE VAN TYLE 





DESIGN AND RENDERING 

SOFTWARE IS UPGRADED 

Version 6 of Conceptual Design & 
Rendering Software has an im- 
proved user interface and new ren- 
dering features. CDRS version 6 
gives several levels of control: Dur- 
ing concept development, dynamic 
sculpting enables designers to work 
free-form by pushing, pulling, and 
twisting a surface to define a shape. 





boundary influence and surface tan- 
gent controls that allow for precise 
editing of surfaces and tangents as 
they relate to one another. Surface 
master/slave relationships control 
the surface relationships by deter- 
mining the influence that one shape 
or surface can exert on another join- 
ing surface. Bump-mapping, a new 
feature, gives enhanced realism of 
rendered surfaces where textures is 


Gy] § 
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part of the object. Designers can tog- 
gle between vectors and shaded 
polygons to verify surfaces fast. 
Contact the company for prices. SVT 
Evans & Sutherland, 580 Arapeen 
Dr., Salt Lake City, UT 84108; 
(801)582-5847; fax-9413. 


FAX SOFTWARE 
ACCESSES DATABASES 
With FaxBase III, users can access a 
database through a fax machine in 
real time. The system reads and 
writes information to the database, 
in response to input received from a 
push-button phone, and sends the in- 
formation to the caller’s fax ma- 
chine. FaxBase III uses electronic 
data interchange (EDI) technology 
that uses real-time access to selected 
portions of the supplier’s database. 
It permits a dynamically created file 
to be combined with a static docu- 
ment to produce custom reports and 
respond to specific requests. The 
software supports such databases as 
Paradox, dBase, Btrieve, ASCII, 
SQL, and operating systems such as 
DOS, Unix, and Novell Inc.’s 
Netware. It starts at $5995. SVT 
Fax On Demand Inc., 15101 Sur- 
veyor Blvd., Addison, TX 75244; 
(800) 329-1777; fax (214) 386- 
4170. 


AUGUST 22, 1994 


IMPROVE COLOR GRAPHICS 
ON A PC OR A MAC 
High-impact color graphics can be 
created for presentations and re- 
ports using the ColorUP color soft- 
ware utility. The software works 
with either PC or Macintosh plat- 
forms. It consists of two compo- 
nents, the Palette Chooser and the 
Explorer. The Chooser offers a com- 
prehensive library of ready-to-use 
media-aware color palettes. The Ex- 
plorer is an interactive encyclopedia 
filled with color information and ex- 
periments designed to improve the 
user’s understanding of color de- 
ployment. The 1500-color palette con- 
sists of combinations that have been 
tested for the primary forms of me- 
dia output. Output can be sent to 
such applications as Harvard Graph- 
ics, Lotus Freelance, Microsoft 
PowerPoint, Aldus Persuasion and 
FreeHand, Micrografx Charisma, 
Adobe Illustrator, and Corel Draw. 
The entire setup consumes about 10 
Mbytes of hard-disk space and re- 
quires Windows 3.1 and 4 Mbytes of 
RAM on the PC and System 6.0 and 2 
Mbytes on the Mac. Both versions of 
ColorUP are priced at $99.95. RN 
Pantone Inc., 590 Commerce 
Blvd., Carlstadt, NJ 07072; (201) 
935-5500. 
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60-MHZ, 20-MSAMPLE/S 
DSO HAS RS-232 PORT 

The Model 2560 is a two-channel digi- 
tal-storage oscilloscope with a 20- 
Msamples/s sampling rate and 60- 
MHz bandwidth. The scope makes 
cursor measurements of voltage, 
time interval, frequency, and pre- 
trigger. An RS-232 port allows users 
to send waveforms to a computer for 
processing, or print hard copies on an 
HP-GL plotter. Real-time sampling 
is automatically invoked for time- 
base settings of 10 us/div. and slow- 
er. At 5 ps/div. and faster, sequen- 
tial equivalent time sampling is used. 
In real-time mode, storage is 2 ksam- 
ples/channel. In equivalent sam- 





pling mode, storage is 1 ksample/ 
channel. Triggers include automatic, 
normal, TV-V, and TV-H. X-Y opera- 
tion is also provided. The Model 2560 
costs $2395. JN 
B+K Precision, 6470 W. Cortland 
St, Chicago, IL 60635; (312) 889- 
1448. 


HANDHELD PROGRAMMER 
ALSO DOES EMULATION 
The Orbit 32 handheld device pro- 
grammer features fast emulator ca- 
pability. Users can connect the in- 
strument to the target system, re- 
ducing development times by elimi- 
nating the need to program devices 
until the code has been optimized. 
The 170-by-100-mm unit, which has a 
32-pin wide-blade ZIF socket, can 
program EPROMs to 8 Mbits, EE- 
PROMs, and flash devices. It can 
also program some CMOS PROMs 
and serial EEPROM devices in 0.3- 
and 0.6-in. pitch DIPs. All device li- 
braries reside on-board in a nonvola- 
tile memory, which can be upgraded 
through a PC or directly through the 
socket. The Orbit 32 costs $795 and is 
available from stock. JN 

Stag Microsystems Inc., 1600 Wy- 

att Dr., Santa Clara, CA 95054; 

(408) 988-1118. 
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INSTRUMENTS 


TOOL CREATES RANDOM- 
LOGIC BIST FOR ICS 
As a random-logic built-in-self-test 
(BIST) tool, BIST1 addresses the 
problems posed by large ICs because 
it tests all parts of the circuit at once 
instead of serially. The software in- 
cludes everything needed to modify 
a circuit to incorporate BIST. Incom- 
ing circuits are audited and analyzed 
and a set of flip-flops are chosen. 
Based on known allowances for over- 
head, users can specify a maximum 
number of flip-flops. Many vendor li- 
braries are supported. BIST1 out- 
puts the modified circuit in the same 
format with the circuit’s hierarchy 
preserved. BIST1 runs under Unix 
4.1 or higher on Sun-4 or Sparc Sta- 
tion workstations. The package will 
be available in beta version in the 
third quarter and in the full commer- 
cial version in the fourth quarter. JN 
AT&T Design Automation, Room 
2B-247, 1247 Cedar Crest Blvd., 
Allentown, PA 18103-6025; (800) 
875-6590. 


ASIC INCREASES 
BOUNDARY-SCAN ACCESS 
The ParaScan ASIC is a test-access 
device that expands the test cover- 
age of Texas Instruments’ Asset Di- 
agnostic System during multichip 
module and printed-circuit board in- 
terconnect testing. The ASIC in- 
creases access to the unit under test 
during embedded tests and performs 
non-1149.1 (boundary scan) logic 
testing. It also enhances test cover- 
age by allowing testing through the 
edge connector. The ParaScan 
comes in a 144-pin quad flat pack. It 
has 66 bidirectional inputs and out- 
puts, each having its own control 
cell. The BC-7 type bidirectional cell 
design allows the cell to capture its 
driven value from the pin. The Par- 
aSean costs $225, including docu- 
mentation and product support ser- 
vice. A 144-pin QFP socket costs 
$29. JN 

Intellitech Corp., 66 Route 25, 

Meredith, NH 03253; (603) 279- 

6308. 





Bj BLILEY CRYSTAL ad 









We su su 























eee et eee 





READER SERVICE 176 


DES I16 NE 


AUGUST 22, 1994 


pply X0’s that - 
meet design goals for 
Stratum level gay aah 


Now look at the apeNSs, . 
= you can have « amon mt o 
our other OCXO’s. 


Free uencies from. 1 kez t to” A 
“50 MHz, at stability to v x 10>). 
2 over -20' Ct to OU, 


: ety 2 <1. 5 x in 


: Power £1.6 watts @ 25°C * 
Sah protle as compact as 12! a | 


- name i in mae, 
i: y BLE TRI C IC COMPANY et 


"eu 838-3571 * Fax: (814) 833- 2712 











25.45 West Grandview aia * 
20, Box: 3428 Erie, PA 16508. 








NEW PRODUCTS 


COMPUTERS & PERIPHERALS 








HIGH-END DISK ARRAY 
OFFERS RAID 5 

A family of RAID 5 storage products 
boast high performance and fault 
tolerance. The RAMAC series cur- 
rently consists of two members, the 
Array Subsystem and the Array 
DASD. 

The Subsystem attaches directly 
to the host system and it is built with 
an integrated array controller to 
supply a host of format options to ac- 
commodate interoperability with 
both current and older DASD prod- 
ucts. 

The Array DASD connects to 
cached models of the 3990 Storage 
Control, supplying the 3990 volume 
format as wellas all the features and 
functions of the 3990. Because al- 
most no programming changes and 





few application programming 
changes are required, both storage 
units offer software transparency to 
the user. 

Both units are designed with 3.5- 
in. 2-Gbyte disk drives in drawers, 
where each drawer contains four 
drives. The drawer cache also has a 
separate path to each drive, with 
each path able to transfer data to or 
from the cache concurrently. The 
RAMAC Array DASD’s capacity is 
180 Gbytes, while the RAMAC Array 
Subsystem stores up to 90 Gby- 
tes. RN 
IBM Storage Systems Div., Dept. 
P22, 5600 Cottle Rd., San Jose, CA 


95193. 
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GRAPHICS WORKSTATION SUPPORTS 
COLOR IMAGING APPLICATIONS 


new graphics subsystem is 
available with the Sparc- 
Station 5 workstation. The 
24-bit graphics solution, called the 
S24, is aimed at color document im- 
aging, graphics design and color 
publishing, medical imaging, and 
multimedia. The new platform is des- 
ignated the SparcStation 5824. The 
S24 technology is incorporated di- 
rectly on the SparcStation’s high- 
speed memory bus (180 Mbytes/s) to 
take advantage of the microSparc IT 
processor. 

The graphics adapter actually sits 
on a mezzanine card that plugs into 
the SparcStation’s system board. 
The card contains a frame-buffer 
controller, a RAM, video RAM, anda 
dynamic RAM. It offers multiple 24- 
bit modes, such as true color, direct 





RUGGED 170-MBYTE DRIVE 


FITS PCMCIA SLOT 
The EHDD170 drive is an example of 
the downsizing of form factors. The 
PCMCIA Type II form-factor drive 
holds 170 Mbytes of data. Its rugged 
case design lets it withstand 750 G of 
impact. The drive offers a data- 
transfer rate of up to 3.5 Mbytes/s. 
It also boasts a track-to-track seek 
time of 2 ms and an average seek 
time of 12 ms. In full-power (read or 
write) mode, the drive consumes 
from 1.9 to 2.5 W. In sleep mode, the 
consumption drops to 5 to 25 mW. 
Available now, the EHDD170 170- 
Mbyte PCMCIA disk drive is priced 
at $629. RN 

Epson America Inc., 20770 Madro- 

na Ave., Torrance, CA 90503; (800) 

289-3776 or (310) 782-0770. 


RAID HITS DESKTOP PCS 

WITH REMOVABLE DRIVE 
Using disk-mirroring software, the 
PassPort XL family of 3.5-in. remov- 
able disk drives can feature a RAID 
capability. This quick and easy way 
to safeguard critical data is handled 
through a RAID Level 1 technique to 
back up as much as 1 Gbyte of data. 
The key feature of the software is its 
LECTRONI C 
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color, linear color, and 8-bit indexed 
mode, and supports simultaneous 
display of 16.7 million colors and 
1152-by-900-pixel resolution at 76 
and 66 Hz. 

The low-cost SparcStation 5824 
holds from 16 to 256 Mbytes of RAM. 
Internal storage ranges from 535 
Mbytes to 2.1 Gbytes. With the accel- 
erated graphics, it can supply 
307,000 24-bit 2D vectors/s. The base 
configuration, with 16 Mbytes of 
DRAM, a 17-in. color display, and a 
5385-Mbyte hard-disk drive, sells for 
$6595 and is available now. Users of 
existing systems can upgrade to the 
$24 graphics for $1500. 

Sun Microsystems Computer 
Corp., 2550 Garcia Ave., Moun- 
tain View, CA 94043; (800) 872- 
4786. 
mM RICHARD NASS 





continual maintenance of an identi- 
cal copy of the primary drive to the 
secondary drive. It is DOS- and Win- 
dows-compatible, including Win- 
dows for Workgroups and other 
DOS-based peer-to-peer networks. 
And the removable drive, which 
ranges in capacity from 170 Mbytes 
to 1 Gbyte, can be swapped to archiv- 
ing purposes. The drive offers a 9.5- 
ms average access time and a boot- 
switch capability that lets the Pass- 
Port XL serve as the primary drive. 
Available now, the 1-Gbyte unit sells 
for $1950. The disk-mirroring soft- 
ware costs $499. A docking station 
with a host adapter for an internal 
configuration is available and priced 
at $529. RN 

MountainGate Data Systems Inc., 

9393 Gateway Dr., Reno, NV 

89511; (800) 556-0222 or (702) 851- 
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COMPUTER-AIDED ENGINEERING 





BEHAVIORAL SIMULATION SYSTEM SIMPLIFIES 
AND SPEEDS ANALOG AND MIXED-SIGNAL DESIGN 


ngineers creating analog 

and mixed-signal systems 

can speed up their work with 
a top-down analog design environ- 
ment that uses behavioral simula- 
tion. SpectreHDL, from Cadence De- 
sign Systems, is a dual-language an- 
alog behavioral-simulation system. 
The two languages are commercial 
versions of VHDL-A and Verilog-A, 
the proposed industry-standard ana- 
log extensions to the standard digital 
hardware-description languages. 
SpectreHDL simplifies analog-mod- 
el development, and speeds analog 
and mixed-signal simulation by up to 
100 times, depending on the behav- 
ioral modeling level that’s used. 

The SpectreHDL engine and envi- 
ronment accepts VHDL-A, Verilog- 
A, and Spice net lists. In addition, 
SpectreHDL has a flexible architec- 
ture that can accommodate evolving 
standards. This ensures that users’ 
investment in analog model libraries 
will be preserved as language stan- 
dards are refined. 

SpectreH DL is integrated into the 
Cadence Analog Artist and Analog 
Workbench design systems, which 
provides a complete front-to-back 
top-down design flow for analog and 
mixed-signal products. The integra- 
tion ensures consistency from a 
high-level view of a design down to 
physical layout. Design-parameter 
constraints and design-consistency 
information automatically propa- 
gate down through the design hier- 
archy. 


ANALYZE PASSIVE 

AND ACTIVE NETWORKS 
NETRA Version 3.0 is an electrical- 
networks response-analysis pro- 
gram for creating both passive and 
active networks, including filters, 
amplifiers, power electronics, and 
feedback-control systems. Most 
analysis packages require tedious 
definitions of branch and node ele- 
ments or schematic sketching. How- 
ever, NETRA’s environment allows 
for immediate entry of s-domain net- 
work-transfer and impedance ex- 


ELECTRON I C 


The environment has a familiar 
Spice-like schematic-entry system 
that lets users mix Spice schematics 
with language blocks. For example, 
engineers can choose to add just a 
few analog behavioral blocks to a 
Spice schematic, or they can enter 
behavioral representations entirely 
in language using an integrated text 
editor. 

Analog-model development is 
made easier with SpectreHDL and 
the Resolve Optimizer. The two pro- 
vide an automated extract-simulate- 
optimize loop that simplifies and 
speeds creating models. 

In IC design, for instance, the 
automated loop starts by extracting 
RC parasitics from a rough physical 
layout of the target block. It then se- 
lectively back-annotates the parasi- 
tics to an accurate transistor-level 
model that serves as the Spice refer- 
ence circuit for the block. By compar- 
ing the simulation results from the 
reference circuit and the initial be- 
havioral model, the Cadence Resolve 
optimizer automatically adjusts se- 
lected AHDL model parameters to 
drive the model results to match 
those of the reference circuit. Using 
this technology, AHDL model accu- 
racy can be within 1-2% of reference- 
circuit accuracy. 

Good modeling practice with Spec- 
treHDL can produce three to four 
levels of analog behavioral modeling 
for each block in a design. High simu- 
lation speed is then obtained by us- 
ing high-level models for most of the 


pressions from which complex sys- 
tems can be constructed and ana- 
lyzed. A companion mini spread- 
sheet is employed for quick 
definition and adjustment of user-de- 
fined constants and steady-state con- 
ditions. Users can develop Bode, Ny- 
quist, and transient-response plots. 
They can also determine polynomial 
coefficients, poles and zeros, and 
partial-fraction expansions with as- 
sociated time-domain translations. 
Also, an Auto-Compensator Design 
option is available for feedback-con- 
DES IG 
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blocks, and low-level models for a 
few of the blocks where detailed cir- 
cuit behavior needs examination. 

Cadence claims that simulation 
speed up of more than two orders of 
magnitude is possible with the Spec- 
tre mixed-level approach. For exam- 
ple, on an oversampled delta-sigma 
a-d converter that requires millions 
of simulation time points, the simula- 
tion would run for weeks at the Spice 
level. A meaningful behavioral-level 
simulation can be run in less than 90 
seconds using SpectreHDL. 

SpectreHDL supports multi-disci- 
plinary system simulation, including 
electrical, electro-mechanical, ther- 
mal, and optical analysis. This capa- 
bility is available for both VHDL-A 
and Verilog-A. It also accepts linear, 
nonlinear, and dynamic modeling. 
Because modules instantiate as a 
Spectre net-list primitive, it’s simple 
to mix AHDL blocks with a Spice de- 
scription. 

The first release of SpectreHDL 
includes a dual-language AHDL en- 
gine, and a language compiler for 
both Verilog-A and VHDL-A model- 
ing. It’s available now as a stand- 
alone product, or as an option to the 
company’s Analog Artist and Ana- 
log Workbench environments. List 
price starts at $10,000, and requires 
an underlying Spectre simulator. 

Cadence Design Systems Inc., 
555 River Oaks Pkwy., San 
Jose, CA 95134; (408) 948- 
1234. 
@ LISA MALINIAK 


trol system development. Users can 
customize libraries of work sessions 
for passive and active filter net- 
works, power-stage topology mod- 
els, impedance-matching networks, 
and more. NETRA Version 3.0 runs 
on 80286-based personal computers 
and higher. The $395 price tag in- 
cludes a user’s manual with many ex- 
ample work sessions and application 
notes. LM 

Penatech, 2575 Ambling Circle, 

Crofton, MD 21114; (410) 721- 

3227. 
N i 





Proceedings of Portable By Design 


Sponsored By Electronic Design Magazine 





Price $150.00 per copy (add $12.00 shipping & handling per copy) 


A conference for OEM Designers of portable, nomadic, mobile, 
transportable and hand-held products. The product areas 
covered in these proceedings include almost 800 pages of 
information on: 


* Power Circuits 

* Connectivity 

* Input Devices 

* Managing Mechanical/Electrical Design Teams 
* Expandability/Configurability 

* Engineering The Whole System 

* High End Microprocessors 

* Low-Power Microncontrollers 

* Power Management 

* Application Development & Operating Systems 
* Batteries 

* Displays 


For additional or ordering information, please call (201) 393-6075 


UPCOMING MEETINGS 


SEPTEMBER 


IEEE International Symposium 
on Compound Semiconductors, 
Sept. 18-22. Del Coronado Hotel, San 
Diego, CA. Contact James Harbison, 
Bellcore, 381 Newman Springs Rd., 
Room 8X-211, Red Bank, NJ 07701; 
(908) 758-8386; fax (908) 758-4372. 


14th IEEE International Semicon- 
ductor Laser Conference, Sept. 19- 
23. Hyatt Regency Maui, Maui, HI. 
Contact Samantha H. Phillips, 
IEEE/LEOS, 445 Hoes Lane, P.O. 
Box 1831, Piscataway, NJ 08855- 
1381; (908) 562-3894; fax (908) 562- 
1571; E-mail: s.phillips @ ieee.org. 


ASIC Conference and Exhibit 
(ASIC 794), Sept. 19-23. Rochester 
Riverside Convention Center, Roch- 
ester, NY. Contact Paul P.K. Lee, 
Eastman-Kodak Co., Rochester, NY 
14650-2008; (716) 477-2869; fax (716) 
477-4947. 


AUTOTESTCON ’94, Sept. 20-22. 
Disneyland Hotel, Anaheim, CA. 
Contact Robert Rassa, ManTech In- 
ternational, 150 S. Los Robles Ave., 
Suite 850, Pasadena, CA 91101; (818) 
577-7100; fax (818) 577-7102. 


Embedded Systems Conference, 
Sept. 20-23. Santa Clara Convention 
Center, Santa Clara, CA. Contact 
(415) 905-2354 for more information. 


Canadian Conference on Electrical 
and Computer Engineering, Sept. 
25-28. World Trade & Convention 
Centre, Halifax, Nova Scotia. Con- 
tact C. Baird, Dept. of Electrical En- 
gineering, Technical University of 
Nova Scotia, P.O. Box 1000, Halifax, 
Nova Scotia, B38J 2X4 Canada; (902) 
420-7717; fax (902) 422-7535. 


2nd IEEE Workshop on Interac- 
tive Voice Technology for Tele- 
communications Applications, 
Sept. 26-27. Sumitomo Hall, Kyoto, 
Japan. Contact Sadaoki Furui, NTT 
Human Interface Labs, 3-9-11 Mi- 
dori-cho, Musashino-shi, Tokyo, 180 
Japan; 81-422-59-38910; fax 81-422-60- 
7808. 


WESCON ’94, Sept. 27-29. Anaheim 
Convention Center, Anaheim, CA. 
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Contact Joan Carlisle, Electronic 
Conventions Management, 8110 Air- 
port Blvd., Los Angeles, CA 90045; 
(310) 215-8976; fax (810) 641-5117. 


3rd International Conference on 
Universal Personal Communica- 
tions, Sept. 27-Oct. 1 (ICUPC 94). 
San Diego, CA. Contact Henry A. 
Macchio, Hughes Network Systems 
Inc., 10450 Pacific Center Ct., San 
Diego, CA 92121; (619) 452-4610; fax 
(619) 597-8979. 


OCTOBER ) 


MILCOM ’94, Oct. 1-5. Fort Mon- 
mouth, NJ. Contact Donald L. Schil- 
lng, InterDigital Communications 
Corp., 85 Old Shore Rd., Suite 200, 
Port Washington, NY 11050; (516) 
883-0760; fax (516) 883-0746. 





1994 IEEE International Test Con- 
ference (ITC), Oct. 2-6. Sheraton 
Washington Hotel, Washington D.C. 
Contact Doris Thomas, Internation- 
al Test Conference, 205 Tennyson 
Ave., Suite C, Altoona, PA 16602; 
(814) 941-4666; fax (814) 941-4668. 


Antenna Measurement Techniques 
Symposium 794, Oct. 3-7. Hyatt Re- 
gency, Long Beach, CA. Contact 
James P. McKay, The Aerospace 
Corp., M1/135, P.O. Box 92957, Los 
Angeles, CA 90009; (810) 336-1596; 
fax (310) 386-6225. 


Far East Tour 1994, Electronics & 
Computer Shows, Oct. 4-17. Japan, 
Taiwan, Hong Kong, Korea, China, 
Singapore. Contact Ellen Wong, 
Commerce Tours International Inc., 
870 Market St., Suite 920, San Fran- 
cisco, CA 94102; (415) 433-3072; fax 
(415) 438-2820. 


CD-ROM Expo/Boston, Oct. 5-7. 
World Trade Center, Boston, MA. 
Contact Mitch Hall & Associates at 
(617) 361-2001. 


3rd International Exhibition of 
Computer & Applications for Chi- 
na-Shanghai, Oct. 6-10. Shanghai 
Centre, Shanghai, China. Contact El- 
len Wong, Commerce Tours Interna- 
tional Inc., 870 Market, St. Suite 920, 
San Francisco, CA 94102; (415) 483- 
3072; fax (415) 433-2820. 
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Our — 
Power Module 
is Dual... 


theirs is only 


single output! 





Patent Pending 


Single Outputs $104 / 
Dual Outputs $149 


28 Standard Models / 
Special Voltages Available 


Four Series / 18-380 VDC Input 


Fixed Frequency 100kHz 
True Redundancy Operation 


The availability of DUAL ISOLATED 
OUTPUTS creates cost and space sav- 
ings in many applications. 

Fully safeguarded for over voltage, over 
temperature and continuous short circuit 
protection, these FIXED Hi-Frequency 
units minimize technical problems. 

With output voltages from 3.3 VDC to 100 
VDC, four distinct input ranges and the 
choice of single or dual outputs plus the . 


capability of Parallel Operation, as stand- 


ard features, your circuit designs can be 
optimized. 

Assembled in the U.S.A. with PICO qual- 
ity components, these hi density units al- 
low the most stringent mechanical, elec- 
trical and environmental requirements. 


See EEM or send direct 
for Free PICO Catalog. 

Call toll free 
in NY call 914-699-5514 
FAX 914-699-5565 


453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 
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Best Value in the World 


Polyimide and FR4 
Commercial & Milspec 


MULTILAYER 
PROTOTYPES DISCOUNTS: 410% coo 


1 to 5 day turns (J 1 to 12 layers 50%, = creorr carp 


Capabilities 
Buried & Blind Vias 
Polyimide Multilayer 
Full body & bondable gold 
Carbon Paste 

¢ Tin nickel burn-in boards 
SMT - SMOBC 

Up to 22 layers 

Impedance control boards 
UL listed 




















© &> SALES 


5 DAY TURN PRICES FOR FR4 BOARDS 


SINGLE SIDED 


DOUBLE SIDED 


3 & 4LAYERS 


| PIECES | 2 | 5 | 10 | Pieces | 2/5 | 10| pieces | 2/5 | 10 | 


15 | $292] $389] $487 | 


| $389) 
|_30| 2641 352] 441} SOUARE 20, 300) 441 582) SQUARE | 30 | 724) 965| 1207 | 
[60] 311] 414] 519] “p 
}-224.258 1 476] eos! 
20/385) 519] 649) 


x & 6 LAYERS 


7&8 LAYERS 


PIECES | 2 | 5 | 10 PIECES | 2 | 5 | 10 | 
$1312) 


Waveform 
Capture Board 


signal 
¢ 200 MB/SEC auxiliary bus 


* Memory expandable to 
1gigabyte 


¢ 350 MHZ analog bandwidth 
¢ 2 analog input channels 





¢ ISA compatible board 
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World's 
Fastest 


Call to discuss your applica- 
tion with one of our engineers. 


355 N. Sheridan Ste #117 
Corona, CA 91720 USA 
909) 734-3001 
ax: (909) 734-4356 
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Call Ken Bahl 


1108 West Evelyn Avenue 
Sunnyvale, California 94086 
+ 25% - Below 8 Mil PHONE: 408/735-7137 
: SMOBC & LPI 350 FAX: 408/735-1408 
3 MODEM: 408/735-9842 
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Fed up with RTOS's? RTKernel(funs on DOS!) 


uses DOS’s device drivers and BIOS without 
restrictions. Loads of features: an unlimited 
number of tasks, fast task switching, support 
for semaphores, mailboxes and synchronized 
message passing! It's ROMabléy/and ultra com- 
pact. Run other DOS applications as a task. 
$495, w/Source code for drivers and interrupt 
handlers. Add $445 for complete source code. 


Call Toll Free (800) 462- iat . 
We accept Co. PO's and: @ 


‘Aunabooke 


11848 Bernardo Plaza Ct. 
San Diego, CA 92128-2417 
(619) 673-0870 * Fax: (619) 673-1432 
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LED INDICATORS FOR INDUSTRY 


Oxley OXL / CLH/ - series are corrosion resistant. 
Features include: 

@ Aluminum or black anodized body 

© Focussed or wide angle emitter 

® Optional intergral series resistors 

© Colored or clear lens 

@ Available in AlGaAs red, green, yellow and blue 

® Choice of terminations (pin or wire) 


Contact Sales at (203) 488-4135 


| Oxley Inc. P.O. Box 814, Branford, CT 06405 
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PILOT-U84 Universal Programmer 


The Leader in New FPGA Support 
®@ Altera MAX 7064, 7128 @ Xilinx 1736D,1765D etc 
@ Intel FX-740, FX-780; 87C196 KD,KR,JR,MC etc 

® Moto 68HC711D3, E9; 68HC705 C8,C9,P9 etc 

®@ WSI PSD-4XX,-5XX,PAC,SAM ® Atmel 29C040 etc 

® AMD MACH435, 29F040, 16R8-4 ®@ Lattice pLSI etc 

@ All packages to 256-pin: PLCC,PGA,QFP,TQFP,SOIC 


800-627-2456 FAX: (408) 736-2503 
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#1 in 
Adapter 
Solutions 
for over 
10 years 


FREE 1994 Interconnect 
Solutions Catalog 


Y Over 3,500 devices for one-stop-shopping 
_¥ 120 "Off-the-shelf" items available for overnight delivery 
Y Unlimited application consulting 
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EE ENROL EESTI ED SEPT STA OOF TTT 


PES EERE 


¥ Time saving solutions for product development 
V Ask about our custom designs 
V Leading edge technology -- over 500 PQFP solutions 





EMULATION TECHNOLOGY, INC. 


800.995.4381 
EMULATION TECHNOLOGY, INC. 
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EAO’s OIL/WATERTIGHT 


RUGGED, SMALL BACK OF PANEL DEPTH 


IMNIRHNEMINUAEN NAHE 


REDRESS REEDED 


vi Ssldas 
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% Meets IP 65 and NEMA 4 & 13 

% 5/8” round mounting hole 

% Solder or Q/C; gold or silver contacts 
% Rating: from low level to 5 A, 250 VAC 
%* 9 international approvals 


EAO SWITCH, YOU CAN FEEL THE DIFFERENCE 


CaO 


EAO SWITCH CORPORATION 


P.O. BOX 552, MILFORD, CT 06460 
203/877-4577 © FAX: 203/877-3694 


_EAO SWITCH CORP. CIRCLE 404 
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300-MEIz, CLOCK 
GENERATOR FOR 


PowerPC my 


From ICS, the leader 


in frequency timing 


efficiently and inexpen- 
sively handles all clocks 

required for high-speed 

PowerPC RISC systems. 





° Generates 14 clocks, including two 2X clocks 
to 300 MHz (for 5V or 5V/3.3V mixed supply) 
or 200 MHz (3.3Vonly). 

¢ Offers bus to processor clock that skews less 


| 
| 
| 
| 
/ 
/ 
| 
: 
| 
| 
than + 250 psec. 





° Built using 0.8u low-power, low-cost | 
CMOS process. 
¢ Available as a 44-pin PQFP package. 
i 
Integrated Circuit Systems, Inc. | 
2435 Bou levard of 1@) f the General s 
Valley Forge PA 19482-0968 
1-800-220-3366 
Fax: (215) 630-5399 i 
EB 
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Advertise in 
ELECTRONIC DESIGN 
and see how 
- quickly you ll 








High Performance 
Lexan® FR700 Film 


For Barrier Insulation 
¢ UL94 V-0 rated at .010" ¢ High heat resistance of 
275°F ¢ Excellent dielectric strength ¢ Easy 
fabrication-sharp folds, intricate die-cut shapes 
Competitively priced ¢ Call for free information: 
(800) 451-3147ext. 3202 


@ 


® Registered Trademark of GE. 


GE Plastics 
Structured Products 
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INTEGRATED CIRCIUT SYS. 


From ICS, the leader in 
high-performance frequency 
synthesis: ICS1522 Video 
Key links video and 
computer graphics reliably 





and inexpensively. 


¢ Accepts low-frequency references (down to 
15 KHz), synchronizes external video inputs 
for use in advanced multimedia systems. 

* Provides over 24 user-programmable param- 
eters, including pixel frequencies to 230 MHz 
with differential output, for more flexibility. 

e Simplifies design. Complete, low-jitter solution 
replaces expensive circuitry performing the 
same functions. 


Integrated Circuit Systems, Inc. 
2435 Boulevard of the Generals 
Valley Forge PA 19482-0968 
1-800-220-3366 

Fax: (215) 630-5399 
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Low Cost 
Contrelies 
Contro lers 


Save time. 
_Savemoney. 


Our wide range of 
C-programmable min- ~~ 
iature controllers are ideal 
for control applications, data acquisition, 
and test and measurement. Compact and low in price 
(the Little PLC™ above is 2"x3" and $195), these controllers 
are programmed with our easy-to-use Dynamic C™ devel- 
Opment system. Our controllers feature digital I/O, ADCs 
and DACs, relays and solenoid drivers, RS232 and RS485 seri- 
al ports, battery-backed memory and time/date clock, LCDs, 
keypads, enclosures and more! 
1724 Picasso Ave. 
Davis, CA 95616 
916.757.3737 









24-Hour AutoFax 
916.753.0618. Call 


V4 WORLD 





from your FAX. 916.753.5141 FAX “ ie : 
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SNAP ACTION | 
THERMOSTATS | 


Actual Size 


Reliable, surface mounted, snap-action 
thermostats make or break current to 
temperature-critical devices. Some models 
open on temperature rise, others close, at 
fixed set points between 35°F and 500°F. 
Average delta is 30°F. Various mounting and 
terminal options. Some units feature manual 
reset. Broad selection from stock. Attractive 
discounts in OEM quantities. Four-color catalog, § 
free samples, and quotations on request. 


SELCO PRODUCTS CO. CIRCLE 421 
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From ICS, the leader in 
graphics timing: ICS5300 
and ICS5301 GENDACs 
combine dual programmable 
clock generators, 256 x 18- 
bit RAM and triple 8-bit 
video DAC in one chip that’s less expensive, 
easier to design with and offers brilliant color. 


° Delivers speed—up to 135 MHz for 1280 x 
1024—for better resolution, more colors, 
outstanding photo-realistic quality. 

¢ Supports 24-, 16-, 15- and 8-bit color modes. 

. Simplifies design. Complete, low-jitter solution 
replaces complicated circuitry performing the 
same functions. 


Integrated Circuit Systems, Inc. 
2435 Boulevard of the Generals 
Valley Forge PA 19482. 0968 
1-800-220-3366 

Fax: (215) 630-5399 
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DC/DC & AC/DC CONVERTERS 
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ABSOPULSE ELECTRONICS LTD has been 
designing and manufacturing quality standard 
and complete power systems since 1982. 
Virtually any input/output combination is possi- 
ble from 30W to 5KW. Converters feature elec- 
tronic protection, short delivery, low cost, 1 
year warranty and are available in Eurocard or 
enclosed case. Contact us with your specifica- 
tions. 


ABSOPULSE ELECTRONICS LTD 
110 Walgreene Road 
Carp, Ontario KOA 1L0 CANADA 


: Tel. (613) 836-3511 Fax. (613) 836-7488 
_ ABSOPULSE CIRCLE 400 
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Reliability Software 














Relex Reliability Software, long known for its power and 
flexibility, is now available for Windows, the Mac, and 
DOS! With features such as a powerful CAD interface, 
system modeling, impressive graphics, and unmatched 
user-friendliness, Relex is the ultimate, intuitive solution! 


e MIL-HDBK-217 ¢ Bellcore © Parts Count ¢ 
© Mechanical ¢ CNET e FMECA ¢ more @ 


Call 410-788-9000 Today For a Free Demo! 
INNOVATIVE SOFTWARE DESIGNS, INC. 


410-788-9000 
FAX 410-788-9001 


CIRCLE 408 





Two English Elm Court 
Baltimore, MD 21228 USA 


_ INNOVATIVE SOFTWARE DESIGN _ 
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Choice 


for EDA 
Solutions 


Schematic u 
PCB layout a 
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OU)... DOS 
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Call for your free, 
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ideas become __ tull-function demo 
great products 800 488-0680 
ACCEL Technologies, Inc. 
LACCELTECH. CIRCLE 401 
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DAPwindows™, 
the new, easy 


SLLgBUsSBESELSSE SASSER ASP HSPOASUAEDORSA SA IATDEAES 


your data acquisition 
application on a Data 
Acquisition Processor™ board without Windows programming. : 
@ Every Microstar Laboratories™ Data Acquisition Processor, : 
from the entry level DAP 800™ to the 486-based DAP 3200e™, | 
has its own processor on board to handle the time-critical parts 
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: of an application. 

: @ In measuring or controlling a real-time process, computing 

| power has to be there when it is needed. If it isn’t, readings i 

: are lost and results are corrupted. With a DAP, an application : 

: has the computing power it needs when it needs it— free from ; 

: the multitasking delays and resource demands of Windows. i 

i And with DAPwindows there’s no Windows programming. 

Call us about your project; ask for a FREE demo diskette. 

206-453-2345 / fax 206-453-3199 

_| MUICROSTAR 

_| LABORATORIES’ 
MICROSTAR LABS CIRCLE 425 — 
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microsystems 


Universal Programming 
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Eclipse - unparalleled Speed & Sophistication 
True Universal Device Support Capability 
96 to 256 pin drivers as standard 


Universal DIP & PLCC modules - do away 
with stacks of fragile socket adaptors 


Stand-alone or remote operation with 
Windows or DOS 


High performance pin drivers - test 
even the fastest PLDs 


Stag Microsystems, Inc 
Tel: 408 988-1118 Fax: 408 988-1232 
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See EEM 
93/94 Pgs. 
D1304-1309 








@ Rental and 10-day trials available. 

® Full Source-level Debugger with complete 
C-variable support. 

® Supports virtually all members of the 8051, 

800196, 68HC11, 68HC16 and 68300 families. 


CALL OR WRITE FOR FREE DEMO DISK! 


noHauU ne noe Call 408-378-2912 


heed vale 
FAX (408) 378-7869 | Cnortiason pamter fo 
epaulets aia (408) 866-1820 
















receive info via your FAX 
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WINDOWS FOR 
ENGINEERS 
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_ Windows version of the DADiSP Worksheet 
uses Menus and Icons for Point-and-Click 
_ data acquisition; data analysis; data reduc- 
_ tion & editing; series and scalar math; matrix 
math; statistics; peak analysis; FFT’s and 
_ convolutions; digital filtering; 3D/4D 
| graphic imaging. And, GPIBLAB forIEEE- 
_ 488 instrumentation control. For a Free 
_ DADiSP Trial Kit, call 800-777-5151. 
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One Kendall Square 
Cambridge, MA 02139 
617-577-1133 FAX: 617-577-8211 
CIRCLE 424 


DSP Development Corporation 


|_DSP DEVELOPMENT _ 
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NTCDA Toyd @Tale i aa ge) colerel ts 
Add them to your 
System Designs with: 
FUSION Developer's Kit 
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> FUSION TCP/IP protocol suite 
» FUSION SNMP agent MIB 2 
(Version 2 Available Soon) 

» Flexible architecture - C source 
code 

* Used in thousands of process 
control, embedded systems, and 
end-user designs 

¢ Royalty-Free Option Available 


For More Information Call 
(800) 541-9508 or (805) 484-2128 


| FAX (805) 484-3929 
| a. Pacific Softworks 
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_Rs-485 with Windows and OS/2! 
_@ Operating System independent, No 
_ additional drivers required. 
_@ Automatic RS-485 Driver Enable, 
_ looks like RS-232 port! 
_@ IRQ’s 2-5, 7, 10-12, 15 supported 
© 16550 buffered UARTs Standard 
_@ Made in USA 
_¢ Part #3055 

P.O. Box 830 


| \/WASEALEVEL 
Liberty, SC 29657 


(803) 843-4343 
_ SEALEVEL SYSTEMS, INC. CIRCLE 415 
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Price: $179.00 | 


Sealevel Systems, Inc. 
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RELIABILITY PREDICTION 
SOFTWARE 


ARE YOUR PRODUCTS RELIABLE? 
The RelCalc 2 Software Package automates the 
reliability prediction procedure of MIL-HDBK- 
217, or Bellcore, allowing quick and easy 
reliability analysis of electronic products on 
your PC. Say goodbye to tedious, time consum- 
ing, and error prone manual methods! 


= NEW UPDATE! VERSION 3.1 now available. 
® User friendly: pop-up menus, hypertext help. 
= Very easy to learn and use; quick data entry. 

= Part library for rapid recall of part data. 

= Global editing functions for what-if? trials. 

® Reports which clearly organize results. 

= Save time & money as you design for quality. 
= Try our Demo Package today for $25. 


T-Cubed Systems, 31220 La Baya Drive, 
Suite 110, Westlake Village, CA 91362 
CALL: (818) 991-0057 FAX: (818) 991-1281 
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T-CUBED SYSTEMS CIRCLE 418 
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_GAL/PALCE 


Directly READS contents of 
GAL/PALCE 16V8, 20V8 and 22V10 
even with BLOWN security fuse. Derives 
logic function from fuse-map. Programs, 
erases,verifies chips. 


5 
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Developed and manufactured by 
Beying RunFei M&E Corp. 
FAX inquiries to 86-1-842-9625 


LEEPER ORREEERERRF CEES 


PEER AEE T PEL BTROTESTER 


Distributed by Evergreen Trading Co. 
2342 Street de Ville NE, Atlanta GA 
30345,USA, FAX: 1-404-321-1185 
US$1, 495.00. 20% OFF for Edu. Inst. 


* This device is intended for lawful usage 
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ONLY 
** GAL is a registered trademark of Lattice 
Semicoductor 
__BE BEIJING RUNFEL M&E CORP. | (CIRCLE 426 | 
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EMI NOISE SENSOR 


MODEL FVC-777 


COMPLETELY & “Qa. + EXTREMELY 
PORTABLE | SIMPLE TO USE 
4 RECHARGEABLE . : 


| 
: 
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Pa 
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NECESSARY 

TESTING ye * SIMULTANEOUS 
ee 8 SPECTRA 
MEASUREMENT / 

100kHz~1000MHz | 


* THREE ' 
NEAR FIELD # VERY AFFORDABLE i 
PROBES INCLUDED mF SAVES TIME & MONEY i 
: ] 

8g 





For all your EMI/EMC simulator and sensor needs, please contact 


U.S.A. WATAHAN NOHARA INTERNATIONAL, INC. 


TEL(800)366-3515 
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We look for church organists 
with typing experience! 





Turn your excess inventory into a 
substantial tax break and help 
send needy kids to college as well. 


Call for your free guide to learn how 
donating your slow moving inventory can 
mean a generous tax write off for your company. 


Call (708) 690-0010 
Peter Roskam 
Executive Director 


AS 


P.O. Box 3021, Glen Ellyn, IL 60138 
FAX (708) 690-0565 


Excess inventory today...student opportunity tomorrow 


APPLICATION-SPECIFIC 
INTERCONNECTS 
Literature from 
Samtec, New Al- 
bany, Ind., de- 
scribes capabili- 
ties for develop- 
ing interconnects 
for specific cus- 
tomer  applica- 
tions. Many stan- | 
dard company interconnects and 
most company manufacturing capa- 
bilities lend themselves to modifica- 
tion and optimization of customer 
board designs. 

Samtec’s capabilities include inter- 
stitial and SMT PGA sockets, smart 
sockets, BGA sockets and adaptors, 
standard and custom footprint chip 
adaptors, test heads and custom 
pins, insulators, and plating. An 
SMT lab also is available for custom- 
er development and testing. CM 


CIRCLE 627 


CATALOG COMBINES ESQ, 
EMCOR I ENCLOSURES 
Emcor Products, 
Rochester, Minn., 
has combined its 
popular ESQ and 
Emcor I modular 
enclosure sys- 
tems into one 
easy-to-use cata- 
log. The two prod- | 
uct lines share many design, dimen- 
sional, and structural characteristics 
while featuring unique styling dif- 
ferences. Emcor’s ESQ line of enclo- 
sures offer a popular squared ap- 
pearance, while Emcor I frames and 
side panels are rounded to provide a 
softer look when desired. 

Both the ESQ and Emcor I prod- 
ucts have been expanded to include 
the other’s most popular features. 
New options for ESQ include 30-in. 
panel-width frames and redesigned 
lower-cost wedge units; Emcor I 
products offer 380-3/4-in.-deep 
frames and new window door op- 
tions. 

The ESQ and Emcor I product 
lines are fully modular enclosure 
systems, offering unlimited console 
configurations and a large variety of 
component accessories. The free 72- 
page, color catalog contains an easy 
ordering guide. CM 
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NEW LITERATURE 


MODULAR JACKS 
COME IN COLORS 
PAN-JACK Cate- 
gory 5 modular 
jacks are avail- | 
able in 11 colors 7 
from Panduit = 
Corp., Network 
Systems Division, 
Tinley Park, III. 
The colors give 
the user an easy means for custom 
port identification and can also be 
used to complement the decor of the 
premises. PAN-JACK modular jacks 
terminate 22-24 AWG unshielded 
twisted pair and are designed to ac- 
cept two-, three- and four-pair plugs. 
Insulation displacement contacts 
provide quick, reliable termination. 
The clear, removable termination 
cap securely retains wires, provides 
excellent strain relief, and facilitates 
troubleshooting. Twists are main- 
tained to within 0.5 in. to meet Cate- 
gory 5 installation requirements. 
The colored modular jacks are part 
of a full line of network wiring pro- 
ducts. CM 


BULLETIN DESCRIBES 
HARNESS MOUNT SYSTEMS 
A free bulletin & ; 
from Panduit & 
Corp., Electrical 7 
Group, Tinley 
Park, Ill., de- 
scribes the compa- 
ny’s wire harness- ~ . 
mount System. 
The system is de- ~. : 
signed to reduce the boat of eis -vol- 
ume wire-harness manufacturing. 
The four-page, illustrated bulletin 
features Panduit’s push and screw- 
mount fasteners, and the company’s 
corresponding harness-board fix- 
tures. These mounts are designed to 
be secured to wire harnesses via 
Panduit’s semi- and fully automatic 
cable tie equipment. Product listings 
are provided in tabular form, giving 
part numbers, dimensional draw- 
ings, and application specifications. 
Also included is information regard- 
ing the company’s cable tie installa- 
tion equipment for standard and 
miniature cross-section cable ties. 
The harness-mount systems are part 
of a complete line of wiring pro- 
ducts. CM 
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TIMING SOLUTIONS 
DATA BOOK 
The Motorola 
Timing  Solu- 
tions Data Book 
(BR1333/D) from — 
Motorola, Phoe- 
nix, Ariz.,is aimed — 
at designers who © 
need to distribute , 
clock signals. This == = 
190-page book F ohalee what the 
company cliams is the industry’s 
broadest offering of clock distribu- 
tion circuits with timing solutions 
spanning all logic technologies— 
TTL, CMOS, ECL, PLL, biCMOS, 
and others. 

Revision 3 has been expanded to 
contain all of the latest information 
on Motorola’s low-voltage PLL clock 
drivers, 5-V PLL clock drivers, low- 
voltage/low-skew fan-out buffers, 
low-skew fan-out buffers, and clock- 
generation circuits. 

Data sheets, as well as application- 
notes section on system-design con- 
siderations, clock-distribution tech- 
niques, and designing with PECL 
are included. 

For a free copy of the data book, 
call Motorola Literature Distribu- 
tion at (800) 441-2447, or (602) 994- 
6561 outside of the U.S. CM 


ISA/IBM AT 

PACKAGING HAN DBOOK 
Interlogic Indus- | 
tries, Melville, 
N.Y., has released 
its 1994 ISA, EISA 
& VESA packag- 
ing handbook for 
single-board com- 
puters, passive 
backplanes, and 
industrial enclosures. The brochure 
contains a complete list of single- 
board computers from the 286 
through the 486DX2 66-MHz ver- 
sion. The catalog lists all of the com- 
prehensive specifications that a de- 
sign engineer would need to choose a 
single-board computer, along with 
the packaging that will be required. 
The company supports its product 
line with a complete line of industrial 
rack-mount chassis, micro towers, 
display monitors, rack-mount key- 








_boards, and EL display rack-mount 


computers. CM [Qi7QIe#7 


DES IGN 


Received, 
Read, 
Shared, 
Analyzed, 
Scrutinized, 
Challenged, 
Archived, 


and Appreciated 














Over 165,000 readers 
can’t be wrong 


26 regular issues, 

7 special supplements, 
1 trade show, 
TeleBase” into service, 
5 years on CD-ROM 


ELECTRONIC 
DESIGN 


A PENTON PUBLICATION 


To subscribe or to receive 
additional information 
call: 201-393-6060 





















Trade Shows 
Portable by Design focuses on OEM 
designers of portable, nomadic, mobile, 
and transportable products. 


5 Years on CD-ROM 
A complete library on CD. All the articles, 
photos, drawings, schematics, editorials, 
and letters - all on one easy-to-use disk. 


TeleBase™ 
info service 
A great new way to source products. The 
TeleBase Directory has hundreds of cat- 
egories and is updated monthly. 


SHOETWARE 
“yon ran 


Special Supplements 
Seven supplements released yearly 
focus extensively on specific topics. Sup- 
plements make great reference sources 
for electronic design professionals. 









ENGINEER ON YOUR 
NEXT JOB SEARCH! 









We’re about to revolutionize 
the industry. Again. 


You may recognize us as the company that changed the world of computer graphics 
by introducing the revolutionary RAMDAC. Well, hold on to your hat — because 
we’re about to set the world of high speed digital communication, desktop and set- 
top multimedia on fire! If you’re the type of person who is creative and thrives on 
innovation, your ideas can really take off at Brooktree. Currently, we’re seeking 
candidates for the following exciting opportunities at our San Diego headquarters: 





@ IC Design Engineers @ Product Engineers 
@ Test Engineers @ IC Layout Designers 
M@ CAD Engineer — IC @ Product Marketing 


Layout Verification 


The people who make Brooktree a success are just as diverse as our Company. The com- 
bination of different viewpoints and varied perspectives gives us a unique environment. 


Ideally, you should possess a BSEE, or equivalent and several years in the semicon- 
ductor industry. Brooktree offers an excellent compensation and benefits package, 
including stock participation and an Employee Bonus program. If you are interest- 
ed in any of the above positions, please submit your resume and salary history to: 
BROOKTREE CORPORATION, Professional Staffing, 9868 Scranton Rd., 
San Diego, CA 92121-3707. FAX 619/597-4422. We proudly promote Equal 
Opportunity Employment M/F/D/V. Principals only. 


WORK WITH AN 





Managers — Multimedia | 














MECHANICAL DESIGN 


¢ Electronics Packaging, Molded Plastics 
¢ Sheet Metal, Die Castings, EMI Control 


MSEE 
HARDWARE/SOFTWARE DESIGN SSE 
* RF circuits - Xmit, Receive, Synthesizers ne 
¢ Radio, Spread Spectrum 9 
¢ Digital, Analog, DSP, ASIC, FPGA = 
¢ Real-time Embedded Systems or 
°'C,, C++, DOS, UNIX, Windows NT BSEE 
¢ Systems Engineers - Communications BSEE 
¢ Applications Engineers ae 






































SUNBELT OPPORTUNITIES 


Department Mgr. - Unix/C Computer Prod Support 


Cable TV R&D Engineer - Video Switching Digital Storage, Signal to 65K 
Conditioning 

SR Digital Signal Processing Engineer to 65K 
Principal ATM Software Engineer Open 
Communications Software for ATW/Sonet C-C + + to 65K 
R/T Embedded SW Eng-UNDVC to 65K 
MS Windows SDW/NT/C+ + Developers Open 
SR Networking SW Engineer TCP/IP to 65K 
Lead ATM/Sonet Hardware Design Eng to 68K 
SR ASIC Design Eng. - VHDLVerilog - ATM/Sonet to 60K 
Analog Communications Design Eng 10-50 MHz to 60K 
LAN Test Tech Lead-UNDVC to 60K 
ATM Production Diognostics Engineer to 65K 
SR Disc Drive Test Eng to 70K 
GENRAD Test Engineer to 50K 
Virtual Memory Software Eng - UNIX O/S to 62K 
Compiler Software Development Eng to 55K 





Fortune Personne! Consultants of Raleigh, Inc. 


Raleigh, N.C. 27624-8388 
Phone (919) 848-9929 Fax (919) 848-1062 



























ENGINEERING 
CIRCUIT DESIGN MANAGER 
Intemational television manufacturing 
company is looking for an experienced 
hands on Production Engineer. This 
professional with strong amalytical skills 
has the following: 10 to 15 years exp. in a 
color television manufacturing company. 
Knowledge and ability to evaluate color 
televisions at the design stage. High skill in 
analyzing television circuit design. Good 
communication skills. B. S. in Electronics 
preferred. Responsibilities: New model re- 
view and evaluation. Introduction of new 
models to production. Analysis of circuit 
problems and _troubleshooting.Competitive 
Salary, relocation available for the right 
individual. Location: San Diego CA & 
Tijuana, México Maquiladora company 
Send resume in confidence with salary 

history to: Maela Kelley 
ESCALANTE 
& Associates International, Inc. 
RECRUITERS Bilingual a Plus 
3444 Camino del Rio N., Suite 204, 
San Diego, CA 92108 
619-283-7191 Fax619-283-7242 
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P.O. Box 98388 E 


Stan Deckelbaum 


REAL WORLD 


550 Second Street S.E. 
Cedar Rapids, IA 52401 


SURPLUS INVENTORY 


SURPLUS 
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200,000 WALL 
TRANSFORWNIERS 
7-5VDC....50 MA..... 0.85 
12 VDC....100MA..... 1.10 
12 vDcC....500MA..... 1.75 
12 vVDC....800 MA 
14 VAC....500 MA 
16 Vv 





AC....1.25A ..... 2.95 
min 1000/type cat for other ay pes. 
SURPLUS TRADERS 
PO Box 276, 
Alburg, Vt. O5440 
Tel: 514-739-9328 
Fax: 514-345-8303 
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HERE’S AN IDEA THAT 
7], COULD MEAN... 
I 









ONEYIN | 
YOUR POCKET 


Reserve this space for 
YOUR ADI!!!! 


For information contact 
Lois Walsh 

(216) 696-7000, ext.2359 

FAX (216) 696-8207 










When it comes to technological innovation, Norand has been a leader in more ways than one. Just as we 
refuse to acknowledge limits to technology itself, so our scope remains wide, as evidenced by the impact 
we've had on portable data products and solutions. Our current record of achievement includes 


- innovations in automated route distribution, portable data collection systems/products, RF Systems, radio 


data networking, RF terminals and integrated bar code printers, terminals with portable/mobile capability, 
and PEN*KEY, our most recent release. Join us, and lend your talents to the pursuit of still higher 
technology, focusing on Wireless Data Solutions & Technologies, Software and Hardware, SNMP, ODI 
Drivers, EtherNet, Novell Protocols, C & C++ languages, Windows Programs/Drivers, ASIC, DSP, and other 
disciplines key to pursuing the next generation. We currently need technology leaders for: 


MANAGEMENT POSITIONS-OPEN WIRELESS SYSTEMS 
¢ NETWORKING S/W DEVELOPMENT ¢ CONTINUATION ENGINEERING 
ENGINEERING POSITIONS 
¢ SR. ENTERPRISE NETWORKING 
DEV. ENGINEER 
SR. CONSULTING ENGINEER-RF 
LEAD ENGINEER; DIGITAL/DSP 
The above positions represent some of the current opportunities which are available at Norand. They 
require a minimum 4-year degree ina relevant discipline, a minimum 3-5 years’ development and/or design 
experience, and a desire to be challenged. If you perceive yourself as limited in your current position, and 


possess the vision we’re seeking, please investigate the Norand Job Opportunity Hotline (1-800-501- 
JOBS), or post an inquiry on Internet CHOCHSTAB @NORAND.COM). Fax: (319) 369-3791. 


¢ RF TECHNICAL LEAD ENGINEER 
¢ OPEN SYSTEMS TEST ENGINEER 
e S/W DEV. ENGINEER/LIBRARIAN 





Learn DSP and 
put your 
knowledge to 


work 
IMMEDIATELY 
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Gall Z Domain Technologies, Inc. 


COMING TO A 
City NEAR YOu 
Washington, DC 


San Jose Austin, TH 
Scottsdale, AZ 
Atlanta Denver 
Long Beach, CA 


800-967-5034 
404-587-4812 





3-Day Course 
you. will 
learn DSP. 


Spay Advances 
ue ay HEvanes Guaranteed! 


Course is ready. Call for 
more info. 
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ELECTRONIC 
DESIGN 


ChairmanandCEO: Sal F. Marino 
PresidentandCOO: Daniel J. Ramella 
President ElectronicsGroup: James D. Atherton 


Advertising Sales Staff 


Publisher: John R. Carroll 

Hasbrouck Heights, NJ; (201) 393-6060 
NationaSalesManager: Russ Gerches 
Hasbrouck Heights, NJ; (201) 393-6045 


GeneralManager,EuropeanOperations: John Allen 


36 The Green, South Bar Banbury, Oxford 0X16 9AE, 
U.K. Phone: 44 (0)295-271003FA X: 44 (0)295-272801 
HasbroucHeights: Judith L. Miller, Jami Radow 
Sales Asst.:Tina Edwards 

611 Route #46 West, Hasbrouck Heights, NJ 07604; 
Phone: (201) 393-6060TWX: 710-990-5071 

Boston& EKasternCanada: Ric Wasley 

400 Fifth Ave., Waltham, MA 02154; 

Phone: (617) 890-0891 FAX: (617) 890-6131 
Colorado:Lou Demeter (408) 441-0550 
Chicago/Midwest:Mark Kearney 

Sales Assistant: Susan Johnson 

180 N. Stetson Ave., Suite 2525 Chicago, IL 60601; 
(312) 861-0880 FAX: (312) 861-0874 
Arizona:James Theriault (408) 441-0550 
LosAngeles/OrangeCounty/SanDiego:Ian Hill 
Sales Asst: Patti Kelly 

16255 Ventura Blvd., Suite 200 Encino, CA 91436; 
(818) 990-9000 FAX: (818) 905-1206 

SanJose: 

Jeff Hoopes, Lou Demeter, James Theriault 

Sales Administrator: Sarena Owens 

2025 Gateway PI., Suite 354 San Jose, CA 95110; 
(408) 441-0550 FAX: (408) 441-6052 or (408) 441-7336 
PacificN.W.& WesternCanada: Jeff Hoopes (408) 441-0550 
Texas/Southeast:Bill Yarborough 

12201 Merrit Dr., Suite 220, Dallas, TX 75251; 

(214) 661-5576 FAX: (214) 661-5573 

Direct Connection Ads Sales Representatives: 
Kim Stanger (201) 393-6080 
Recruitment/ClassifiedLois Walsh 

(216) 696-7000, ext. 2359 Fax: 216-696-8207 
Netherlands,Belgium:Peter Sanders, S.I.P.A.S. 
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2.5KHz-8GHz AMPLIFIERS 


(3 Piece Set) 





Expand laboratory capabilities and put a full spectrum of power 
at your fingertios with Mini-Circuits 2.5KHz to 8BGHzZ medium 
power amplifier set. Each ultra-wideband set contains three 
individual heat sinked RF amplifiers with at least +20dBm output 
and overlapping frequency response range capabilities ; 2.5KHz 
“— to SOOMHz, 10MHz to 4.2GHz and 2GHz to 8GHz. Applications 

eters Toaty.) for these amplifiers include increasing the signal levels to power 

2 +20dBm Power Output, 20dB Gain meters, spectrum analyzers, frequency counters and network 

analyzers as well as boosting signal generator outputs. 





ee ie posal ear ae Bia baa eG | You can buy these amplifiers individually at Mini-Circuits already 
é | Ur . rice ‘ ' 
Rieder: (MHz) (dB) Compression V mA ‘Type (1-9qty) [OW prices, or own the full spectrum set for the money saving 
ZHL-6A 0025-50021 +23 424 350 BNC 199 price of only $1095 (1-9 qty.) | To order from stock with a guarantee 
ZHL-1042J 10-4200 25 +20 +15 330 SMA = 495 to ship within one week, call Mini-Circuits today !| Fal 

ZRON-8G 2000-8000 20 +20 415 310 SMA = 495 

Set of 3 Amplifiers # KZHL-318:; $1095 (1-9 aty,) Mini-Circuits...we’re redefining what VALUE is all about! 


C_] Mini-Circuits: 


P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 
For detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM « MINI-CIRCUITS’ 740- pg. HANDBOOK. 


CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. Bare 
READER SERVICE 114 F 176 Rev 








DELICIOUS ATM, 
WITHOUT THE JITTERS. 


WITHOUT THE CYPRESS | WITH THE CYPRESS 
SONET/SDH TRANSCEIVER | SONET/SDH TRANSCEIVER 





Here’s a wake-up call for anyone designing-in oscillator. The SST also performs wonders for 
ATM functionality: the CY7B951 SST™ (SONET board space by eliminating the need for external 
Serial Transceiver) clock recovery chip from filter components. 

Cypress. With its minis- By using advanced BiCMOS technology, the 








cule jitter of just 10 ps, the | SST consumes a miserly 50 mA, for power 
SST is as close as youcan savings of up to 50% over competitive devices. 
get to Suaranteed flawless — And its loop-back testing capabilities enable 
performance in your ATM in-system diagnostics. 
Industry's _ ost Jitter  ©avironment. So don’t let the stringent jitter requirements 
In fact, it is the only of ATM get on your nerves. Start off your next 
solution to support both major ATM application — design day with the SST from Cypress, the a 
frequencies (51.8 OC-1 and 7 high-speed leader. 4 pr 
155.52 MHz OC-3.) Adaptation It'll open your eyes. CA yy 
Thanks to its integrated —_—e ) For your free sample certi- 
transmit and receive phase ficate and design kit. In 
lock loops, the SST lets you Europe: (32) 2-652-0270, 


use a low-cost 19.44 MHz eat”, , Dept. C313. In 
Asia: fax your request to 


1-415-940-4337, Dept. C313. 
































Or contact us via Europe and Asia telephone numbers listed below. *The international operator can give you your country’s specific access code. Europe: fax 


ee 
(32) 2-652-1504. Telephone Hong Kong: (852) 710-8121. India: (812) 566-630 x-3808. Japan:(81) 423-69-82-11. Korea: (82) 2-576-2111 or (82) 2-888-2858. ee ————————_—_ — 
Singapore: (65) 294-8389. Taiwan: (886) 2-820-53-53. © 1994 Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134 Phone 1-408-943-2600. “em «| Bee 
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